The following publications show that antibodies to Ep-CAM were per se known and 
available to those skilled in the art, though none of the publications describe the presently 
claimed active immunization therapy. 
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MAbs GA733 and 17-1 A detect the same antigen, though 
perhaps a different epitope. 

MAb 17-1 A was known and available to those skilled in 
the art. 

Similar to Sears ^984 

Antibody 73-3 reacts with same antigen as MAb 17-1 A, 

Antibodies against Ep-CAM could be made by skilled 
person by genetic engineering techniques. 

Antibody KSl/4 is an anti-Ep-CAM Mab, 

Amino acid and DNA sequence of KS A (identical to Ep- 
CAM) was known so one skilled in the art could make anti- 
Ep-CAM antibodies. 

MAb 17-1 A was known and available to those skilled in 
the art. 

MAb 17-1 A was know to be used in high doses. 
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Summary. GA733 is a murine IgGja monoclonal antibody (MAb) against human gas- 
tric carcinoma and is highly tumoricidal in nude mice. The GA733 antigen is a 
cell surface protein with two subiinits of 30,000 and 40,000 daltons. The 
antigen isolated by immunoaf f in ity chromatography consists mainly of the 
30,000-dalton subunit which bears the GA733 epitope. This subunit displayed 
several isoelectric points between 5.9 and 7.7. Anti-colon carcinoma MAb 
17-lA also detects this antigen, but probably binds to a different epitope. 

O 1986 Academic Press. Inc. 



We have demonstrated that murine IgG^^-, monoclonal antibodies (MAbs) have 
a potent tumoricidal effect in nude mice (1). As a result of these studies, 
therapeutic trials were begun in humans using the IgGjg ant i -col orecta 1 carci- 
noma MAb 17-lA (2). Beneficial effects of this treatment might be due to the 
activation of human effector cells or to the induction of anti-idiotypes and 
anti-anti-idiotypes , thereby producing a long-term immune response to the 
tumor (3-4). Recently, the trials have been extended to include IgGg^ MAb 
GA733, which detects a glycoprotein with 30,000- and 40 ,000-dalton subunits 
(5). In this study we have isolated and biochemically characterized the GA733 
antigen. We find that MAbs GA733 and 17-lA detect the same protein although, 
based on competition studies and ant i- id iotype studies, they most likely bind 
to different epitopes. 

MATERIALS ANO METHODS 

Cel 1 1 ines and tumors . Colorectal carcinoma cell line SW948 was grown in 
culture using Eagle's minimal essential medium supplemented with 10% heat- 
inactivated fetal calf serum. For growth of SW948 tumors, 6 X 10^ cells were 
injected subcutaneous ly into nude mice. The resulting tumors (S-20 mm) were 
excised about 8 weeks later and stored at '-70°C. 
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MAbs and im muno af f ini ty matrices . The properties of 17-lA and GA733 
(IgGjg) MAbs have been described (5-6). Culture supernatant from hybridoma 
P3X63Ag8 which secretes MAb M0PC21 (IgG,) was used as a nonspecific control. 
In some cases BR15-6A MAb (IgGjg, anti-Y carbohydrate determinant) was used as 
a negative control. IgG was purified from ascites fluid by protein A 
Sepharose chromatography. MAbs dissolved in 0.15 M NaCl , 10 mM sodium 
phosphate, pH 7.4, were coupled to cyanogen bromide-act i vated Sepharose at 
4°C. 

Isolation of GA733 antigen . The tumors were thawed, minced into fine 
pieces, and extruded through a wire screen. As judged by trypan blue 
staining, this preparation contained cell fragments and no intact cells. The 
preparation was centrifuged at lOS.OOOxg for 60 min and the cell fragments in 
the pellet were extracted with 5 volumes of NP-40 buffer (0.5% NP-40, 140 mM 
NaCl, 10 mM NaF, 10 mM Tris, 5 mM EDTA, 100 Kallikrein lU/ml aprotinin, 1 mM 
phenylmethylsul f ony 1 fluoride, pH 7.5) for 1& hr. The extract was clarified 
by centri fugation at 105,000xg for 60 min and filtered through a 0.45-pm 
filter. 

The extract from about 15 grams of SW948 tumors was passed through a 
bovine serum albumin (BSA)-Sepharose column (3 ml of 10 mg/ml) equilibrated 
with 0.2% NP-40, 20 mM Tris, pH 7.5. The extract was then passed twice 
through a GA733-IgG column (2 ml of 5 mg/ml). The column was then washed with 
40 ml of the same buffer and eluted with 0.2% NP-40, 50 mM diethylamine, pH 
11.0. The receiving tube for each 8 ml fraction contained 0,1 ml, 1 M Tris, 
pH G.O. The purified protein was stored at -20'''C. 

Immunoprec ipi tat i on , gel electrophoresis, and Western blotting , 
Immunoprec ipi tat ions were carried out using agarose derivatized with goat 
afitibody directed against mouse immunoglobulin (IgG) (7). One-dimensional gel 
electrophoresis was performed according to Laemmli (8). Two-dimensional gel 
equilibrium electrophoresis was by the method of O'Farrell (9) using pH 3.5-10 
ampholines. Western blotting was performed according to Towbin et al. (10). 

Rad loiodinat ion of GA733 antigen . The antigen was radio iodinated on ice 
with 5 mM chloramine-T using 0.4 mCi Na^^M per sample. After 2 min the reac- 
tion was stopped with 14 mM sodium metabisul f ite and then applied to a PD-10 
column equilibrated with 0.1% BSA, 0.15 M NaCl, 10 mM sodium phosphate, pH 
7.4. The fractions at the excluded volume of the column were pooled and 
stored at -20°C. 

Binding of GA733^ ant i gen to bound antibody . Solid-phase microtiter 
plates (Co star Plastics) were incubated with IgG (1 pg/well) in phosphate- 
buffered saline (PBS) (O.lS M NaCl, 10 mM sodium phosphate, 0.02% NaNa , pH 
7.5) for 16 hr at 4^C. Wells were blocked with PBS + 2% BSA for 3 hr at room 
temperature, and were washed with PBS + 2% gamma globulin-free horse serum. 
Rad io iodinated GA733 antigen (25,000 cpm/well) and in some cases competing MAh 
were incubated at 4°C in the wells. After 16 hr, the wells were washed 3 
times with the horse serum buffer and eluted with Laemmli sodium dodecyl sul- 
fate (SD5) sample buffer for 30 min at 37°C. Samples were boiled, assayed for 
radioactivity in a gamma counter, and further analyzed by SDS-polyacryl amide 
gel electrophoresis (PAGE) and autoradiography. 

Ant i-id iotypic antibodies (anti-Ids) . Anti-Ids were prepared against 
MAbs GA733 and 17-lA as described and were shown to react with the combining 
sites of the corresponding MAbs (11). These anti-Ids were used in direct 
binding assays with various MAbs as targets and in binding inhibition assays 
in which binding of MAb to either colon carcinoma target cells or homologous 
anti^lds was inhibited by homologous or heterologous anti-Ids as described in 
detail elsewhere (11). 



RESULTS AND DISCUSSION 
Isolation and molecular characterization of GA733 antigen . Cell frag- 
ments from SW948 tumors were solubilized with NP-40 buffer, clarified by 
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Figure 1, Analysis of GA733 immunoaf f inity chromatography by Western 
blotting. Cell extract (10 ml) was applied to a GA733 IgG 
Sepharose column, washed with 40 ml of 0.2% NP-40, 20 mM Tris, pH 
7.5, and eluteri 8 times with 8 ml of 0.2% NP-40, 60 mM diethyla- 
mine, pH 11.0. Twenty-.five.nl of each fraction was mixed with 
SDS-PAGE sample buffer lacl^ing mercaptoethanol , boiled and sub- 
jected to SDS-PAGE. The proteins present in the gel were electro- 
phoretically transferred to nitrocellulose, and the GA733 antigen 
was delected with GA733 MAb and [^'Mjgoat anti-mouse IgO by the 
Western blot procedure. 



ul tracentrifugation , and applied to a GA733 imrnunoaff inity column. After 
thorough washing, the protein bound to the column was eluted with mild base. 
Analysis of the resulting fractions by Western blotting demonstrated that most 
of the antigen was bound by the column (Fig. 1) and was released from the col- 
umn by the base. Binding of the GA733 MAb to antigen is probably dependent on 
the tertiary conformation of the protein since samples treated with mercap- 
toethanol gave no bands in Western blots. 

The eluate was dialyzed against 0.1% SOS, 50 mM NH.MCOj and lyophilized. 
i This material was redissolved and iodinated with ch1oramine-T as described in 

! Materials and Methods. The nonradioactive and the iodinated GA733 antigens 

; were analyzed by SDS-PA6E and found to be' nearly homogeneous by silver stain- 

j ing and autoradiography, respectively (Fig. 2A and B). Furthermore, the 

■ [^^M]GA733 antigen was immunoprec i pi tated by MAb GA733 but not by a control 

MAb, confirming that the purified protein is the GA733 protein. The 
' ['^M]GA733 antigen was further characterized by two-dimensional gel 
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Analysis of purified GA733 antigen by SDS-PACiE Panel A 
IZ'i'f electrnphoresed on a 10% polyacry lamide gel 

and detected by silver Uaining. Two nonspecific bands which 
appear even in lanes to which no sample was applied are marked with 
arrows ane) [-MJ GA733 antigen was eUher analyz d 

rAnfiL^]^.^°^"if ^^''t V immunoprecipitated with 

GA733 HAb (lane 1) or with P3X63Ag8 (lane 2), a nonspecific 
contro 1 . 



Charge heterogeneity of GA733 antigen, 
antigen was analyzed by two-dimensional 
ampholines in the pH 3.0-10.0 range. 



Radioiad inated GA733 

gel electrophoresis using 



electrophoresis (Fig. 3). Three major species were detected with pis hetween 
6.9 and 7.7 

Binding of GA733 anti9e^_b^b 17-lA . GA733 MAb completely inhibited 
the binding of ['-r]17-lA MAb to SW948 cells while 17-lA MAb partially inhib- 
ited t'"I]GA733 MAb binding (not shown). To determine whether these MAbs 
detect the san.e antigen, microtiter plates were coated with either GA733. 
17-lA, ME75-29, or BR15-6A IgG, the wells were blocked and incubated with 
['^M]GA733 antigen, and washed. Bound radiolabeled protein was eluted with 
Laemrali sample buffer and analyzed by 50S-PAGE and autoradiography. Tig. 4A 
shows that both GA733 and 17-lA MAbs but not ME75-29 or BR15-6A bound 
["MJGA733 antigen. Between 5 and 15% of added cpm was bound by GA733 MAb, 
depending upon the batch of [■»nGA733 antigen used. We then tested whether 
GA733 or 17-lA MAb would inhibit each other in binding to '"I-labeled puri- 
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Figure 4. Binding of ['^M]GA733 <int1gen to immobilized MAbs. Panel A. 

Purified rad i o i od i riat.ed antigen bound to a microtiter plate deriva- 
ti7.ed wHh GA733 IgG (lane I), 17-lA IgG {lane 2), ME75-29 IgG (lane 
3), or BR15-6A IgG (lane ^) was analy^red by SDS-PAGE. Panel B. 
Proteins from extract of surface- 1 abel ed SW948 cells bound to, micro- 
titer plate derivatized with HRl^i-6A IgG (lane J). 17~1A IgG (lane 
2), or GA733 IgG (lane 3). 



fied antigen. Fig. 5 shows that soluble GA733 MAb completely inhibited bind- 
ing of ['^MJGA733 antigen by GA733 or 17-lA MAb bound to the plate. Soluble 
17-lA MAb partially inhibited binding of antigen by GA733 or 17-lA MAb bound 
to the plate. Unrelated MAb BR15-oA did not significantly inhibit binding. 



2.5 r Bo 




IgG (mg/mlj 

Figure, S. Inhibition by soluble IgG of binding of immobilized MAbs to 

['^^1]GA733 antigen. Antigen bound to an microtiter plate deriva- 
tized with either 17-lA IgG (A) or GA733 IgG (B) in the presence of 
soluble RRB-6A IgG (O), GA733 IgG (A), or 17-IA IgG (□) was 
quantitated by gamma counting. 
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Total cell extract of 1 actoperox idase-surface radioiodinated SW948 cells 
was incubated in MAb-coated microtiter wells, washed, and eiuteri as above. 
MAbs GA733 and 17-lA bound both the 30,000- and 40 , GOQ-da 1 ton forms of the 
antigen (Fig . 4B) . 

Idiotypic analysis of MAbs 17-lA and GA733 . By Id analysis (11), no 
significant cross-reactions between the idiotypes of MAbs GA733 and 17-,1A were 
detected . 

Conclusions . We have isolated the GA733 antigen from SWS'IS tumor cells. 
The antigenic site is located on a 30,000-dal ton protein with a p] of 6.9-7.7 
and is sensitive to reduction of disulfide bonds. This purified protein will 
be useful for more detailed biochemical and sequence analysis as wen as for 
the characterization of anti-Id and anti-antl-Id immune responses in cancer 
.patients treated with MAb GA733 (4, 11, 13). These experiments also raise two 
questions that require further study. First, the antigen consists of two 
subunits with apparent molecular weights of 30,000 and 40,000 (5); however, 
the isolation procedure gave preparations with little or no 40 ,GO0-da 1 ton spe- 
cies suggesting that this antigen form is lost during purification of the 
30,000-dalton form or that the 30.000-dalton form is a breakdown product that 
readily forms during purification. Second, both anti-carcinoma MAbs GA733 and 
17-lA bind to the GA733 antigen. It is likely that they bind to different but 
adjacent sites on the protein since they partially compete with each other for 
binding to the antigen and do not share idiotopes. However, the partial inhi- 
bition of GA733 MAb binding by 17-lA MAb may also reflect the lO-fold lower 
affinity of the 17-lA MAb (12). A detailed mapping of the antigen-antibody 
binding sites should aid in answering these questions. 
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Summary: Twenty patients with metastasis of gastrointestinal malignancies 
were treated with an anti-colorectal cancer mouse monoclonal antibody 1083- 
17-lA of the IgG^a class between December 1980 and January 1983. With two 
exceptions, all patients received a single injection of monoclonal antibody in 
a dose range of 15-1,000 mg/patient. No untoward immediate or delayed reac- 
tion to the initial injection was observed in any of the patients. Mouse im- 
munoglobuhn circulated in the patients* blood for 2-50 days, depending on 
the dose of monoclonal antibody injected, and was detected in tumor tissue 
within 1 week of its administration. Eight of nine patients who received doses 
of 366-1,000 mg monoclonal antibody did not develop anti-mouse antibodies, 
while eight of nine who received less than 200 mg developed anti-mouse im- 
munoglobulin antibody. Three of this heterogeneous group of patients have no 
detectable disease now — 10, 13, and 22 months since immunotherapy. Key 
Words: Adenocarcinoma of colon and rectum — Immunotherapy — Mono- 
clonal antibody. 



We have previously demonstrated that it is safe to give an anti-colorectal cancer 
(CRC) mouse monoclonal antibody (MAb) 1083-17-lA (1), which specifically 
binds to (2A) and inhibits the growth of human gastrointestinal cancer in athymic 
mice (2,3), to patients with advanced gastrointestinal malignancies. This antibody 
does not bind to a wide variety of cultured cell lines from human and malignant 
tissues, or circulating blood cells, or to freshly resected colonic mucosa from 
patients whose tumors do bind antibody (2A). A single intravenous dose of this 
7-2a mouse immunoglobulin was well tolerated by patients, and no symptoms of 
immediate allergy or delayed serum sickness were observed. As the antigen rec- 
ognized by this antibody is bound to the tumor cell surface, and does not shed 
from the cell in culture nor into the sera of patients with advanced colon cancer, 
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complexing of administered antibody in the circulation does not occur. F(ab')2 
fragments of this antibody conjugated to ^^^I have been used to localize hepatic 
metastases of patients with CRC (4-6), and have been readministered without 
complications to some patients. One patient who was exposed repeatedly to intact 
antibody did have an adverse vasomotor and bronchospastic reaction (1). 

Any treatment regimen with murine MAb requires an understanding and control 
of the human anti-mouse immunoglobuUn antibody response, as well as knowl- 
edge of the duration of mouse immunoglobulin in the patient's circulation. There- 
fore, this study describes patterns of circulation of mouse immunoglobulin and 
development of the human anti-mouse immunoglobulin antibody response in pa- 
tients receiving varying doses of mouse MAb (7) and, in some cases, chemo- 
therapy or radiation therapy for their tumors. This report describes the 20 patients 
we have treated with MAb. Preliminary results on 4 of the 20 were published 
previously (1). 

MATERIALS AND METHODS 
Patient Selection 

Twenty patients with biopsy-proven advanced gastrointestinal adenocarcinoma 
volunteered for inclusion in this experimental protocol for specific immuno- 
therapy with MAb. 

Patients were eligible for this study if their locally advanced tumor or its me- 
tastasis caused some complications that required a planned abdominal operative 
procedure, and if complete tumor resection for cure was not feasible. Since the 
initial trials to demonstrate antibody binding on metastases by the immunoper- 
oxidase techniques were unsuccessful, obtaining tissues for these specificity 
binding studies after in vivo injections was discontinued. Therefore, after 10 pa- 
tients were so treated, the study was changed and an operative procedure was 
no longer required for eligibility. The study sample consisted of 15 men and 5 
women, ranging in age from 40 to 80 years. Primary tumors were colonic (in 13 
patients), rectal (in 4), gastric (in 2), and pancreatic (in 1). Ten patients received 
chemotherapy of some sort and two received radiation therapy (within 2 months 
of receiving antibody). Advanced disease was systemic to the liver and lungs in 
11 patients; local only to the pelvis, peritoneum, or retroperitoneum in 3 patients; 
and both local and systemic in 6 patients. 

The patient's complete blood count, bilirubin, serum creatinine and transami- 
nase, alkaline phosphatase, and carcinoembryonic antigen (CEA) were obtained 
prior to entry into the study. Metastatic or locally invasive tumors were localized 
with contrast X-ray films, ultrasonographic studies, isotopic scans, computed 
axial tomography (CAT), and scanning by MAb 1083-17-lA F(ab')2 fragments 
conjugated to (3 patients) (5). Patients were not required to have measurable 
lesions as detected by these techniques. Two patients were surgically explored 
for CAT scan-identified abnormalities that subsequently proved to be benign, 
but these patients had metastatic disease elsewhere that was not roentgenograph- 
ically detected (see Tkble 1, patients 3 and 9). 
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TABLE 1. Immunotherapy with 17-lA monoclonal antibody (MAb) 



Human 







rnmary 


/vmouni oi iyiad 


Current 


anti-mouse 


Patient 




site 


rcCciveu yuiQ) 


status 


antibody 


1 


M 


R 


15 


Awn 


_j_ 


2 


P 


Q 


150 


u 




3 


M 


Q 


ISO 


u 




4 


M 


n 




u 


T 


5 


F 


C 


100 


D 


+ 


6 


M 


G 


72 


D 


NT 


7 


F 


R 


128 


NED 


+ 


8 


M 


R 


92 


AWD 


+ 


9 


M 


C 


133 


AWD 


+ 


10 


M 


C 


135 


D 


? 


11 


M 


c 


137 


D 




12 


M 


c 


366 






13 


F 


c 


440 


AWD 




14 


M 


p 


433 


NED 




15 


M 


c 


400 


D 




16 


M 


R 


380 


D 




17 


M 


C 


675 


D 


+ 


18 


F 


C 


391 


AWD 




19 


M 


C 


1,000 


D 




20 


M 


C 


611 


NED 





Received multiple doses of MAb. 
AWD, alive with disease; NED, no evidence of disease; D, dead; R, rectum; C, 
colon; P, pancreas; NT, not tested. 



Informed consent, describing this study and possible complications, was ob- 
tained from all patients, and the study was approved by the Clinical Investigation 
Review Committee of The Fox Chase Cancer Center. 

Antibody 

The preparation of murine MAb 1083-17-1 A (IgGjaisotype) against human CRC 
has been described previously (1). Briefly, ascites was collected aseptically, and 
centrifuged and filtered under sterile conditions through 0.22-|uim Millipore filters. 
The filtrate was diluted with an equal volume of sterile 0.1 M Tris (pH 8.0) and 
10 ml was applied to a sterile protein A-Sepharose column. This column was 
washed with 0.1 M Tris (pH 8.0) and the IgGiaCluted with 0.1 M citrate (pH 4.5). 
After adjusting the pH to neutral, the eluate was di'alyzed against saline. The 
immunoglobulin was 95% pure, as judged in sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis, and was negative in the Limulus amoebocyte lysate 
assay at a concentration of 500 |xg/ml. The concentration of mouse immunoglob- 
ulin added to the infusion volume varied from 1.3 to 20.2 mg/ml protein. 

Antibody Administration 

Each patient was treated in a Special Care Unit of The Fox Chase Cancer 
Center equipped to deal with possible untoward comphcations. An intravenous 
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line was maintained regardless of the route of antibody administration. Skin tests 
for sensitivity to mouse immunoglobulin were performed by scratching MAb into 
the dermis of the forearm and checking for a wheal or erythematous reaction. 
Skin tests for delayed hypersensitivity to common recall antigens were placed at 
the same time. The patient's vital signs, respiratory symptoms, and temperature 
were monitored during and for 3 h following MAb administration. The antibody 
was given intravenously in increasing dosages from 15 to 1,000 mg protein diluted 
in 250 ml normal saUne. Antibody was given only once to all patients except two, 
one (no. 4) who received five separate injections over 11 days (1) and another 
(no. 12) who received a second injection of MAb 350 days after the first injection. 
Seventeen patients received MAb by slow (30-60 min) intravenous drip. In three 
patients who had only liver metastases, MAb was administered through a per- 
cutaneously placed hepatic artery catheter using a volumetric infusion pump. 
Antibody was given between 3 and 48 h prior to an operative procedure, if one 
was done. 



Postantibody Monitoring 

The patient's vital signs, temperature, and physical condition were closely 
observed during antibody infusion and for the next 24 h. Blood samples were 
obtained before treatment, hourly immediately after treatment, and subsequently 
every day for 10 days, at weekly intervals for I month, and then monthly for 3 
months to monitor hepatic and renal function, as well as to test for the presence 
of circulating mouse immunoglobulin and human anti-mouse immunoglobulin re- 
sponse. The patients were then monitored for tumor response depending on the 
clinical presentation of their disease. In some cases, indicator lesions for direct 
evaluation of antibody response were removed or altered by operative interven- 
tion. Ten patients in this study had operative procedures after receiving antibody, 
and 11 have received chemotherapy or radiation after antibody administration. 



Determination of Mouse IgG and Human Anti-Mouse Antibody in Blood 

of Patients 

Immediately after injection of MAb, and at daily intervals until the 10th day, 
the serum of patients was assayed for the presence of mouse IgG, The test, which 
followed a procedure described before (1), consisted of exposing a 1:10 dilution 
of serum to rabbit anti-mouse IgG antibody and determining the binding by *^^I- 
labeled rabbit anti-mouse F(ab')2 fragment of immunoglobulin. After the 10th day, 
the assays were made on serum samples obtained at less frequent intervals. The 
same serum samples were tested for the presence of human anti-mouse antibody. 
The procedure (1) consisted of incubating the patient's serum with mouse mono- 
clonal anti-colon carcinoma antibody obtained from serum-free medium and de- 
tecting the binding by '^I-labeled goat antibodies directed against F(ab')2 frag- 
ments of human immunoglobulin. 
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RESULTS 

No immediate allergic or other adverse effects were observed in the 20 patients 
(Ikble 1) with advanced gastrointestinal carcinoma who received one systemic 
intravenous or intraarterial dose of anti-CRC MAb. Increasing quantities of an- 
tibody from 15 to 1,000 mg were well tolerated. No changes in pulse, respiratory 
rate, or blood pressure were noted when intravenous flow rates were held below 
250 ml/h. On three occasions, a flow rate greater than this led to a mild transient 
hypotensive response that was not associated with a change in pulse or respira- 
tory rate and normahzed upon slowing the administration rate. Two patients de- 
veloped isolated pruritic urticarial lesions which resolved without treatment 
within 1 h; this occurred in patients who previously had had urticarial reactions 
in association with stress or anxiety. All patients' temperatures remained un- 
changed during and immediately after intravenous antibody administration. No 
respiratory symptoms were encountered during or after antibody administration, 
and no physical findings of bronchospasm or wheezing were noted. As described 
before (1), one patient who had repeated exposure to antibody (five injections 
over 11 days) developed a bronchospastic and vasoactive reaction on day 11 
which was readily controlled. Retrospectively, it was determined that the results 
of the assay for antibody against murine immunoglobulin were elevated on day 
10 (see Figs. 1 and 2 in ref. 1). 

Hepatic, renal, and hematopoietic functions were unchanged in the immediate 
postimmunotherapy period and for 1 month thereafter. Those patients with pre- 
viously altered hepatic or renal function because of their metastatic disease had 
unchanged or improved values of bilirubin, serum transaminase, and creatinine 
levels at 1 week to 1 month after antibody administration. Patients with no pre- 
vious compromise of these functions showed unaltered values for the 3 months 
of follow-up. Total white blood cell count and differential counts remained the 
same. Changes in red blood cell count, hematocrit, and hemoglobin were consis- 
tent with operative procedures that were done on 10 patients and were not seen 
in other patients. 

An erythematous rash on one patient's chest and abdomen was noted 12 days 
after immunotherapy, and spontaneously resolved in 2 days. Evaluation by a 
dermatopathologist confirmed this was related to the antibody administration. No 
other symptoms suggestive of serum sickness or delayed immunologic response 
were seen or reported for any patient in this study. Different routes of adminis- 
tration and previous treatment modalities did not alter the patients' tolerance to 
this form of immunotherapy. No gastrointestinal symptoms, save for mild diarrhea 
in two patients, were observed. 

Eleven of the 20 patients had a large tumor burden and compromise of their 
renal or hepatic function when they received MAb; they have subsequently died 
or have progressive disease. Nine patients are alive 10-35 months after treatment. 
Three of these patients had hepatic metastases, two had pulmonary metastases, 
three had peritoneal or retroperitoneal recurrences, and two had local pelvic 
fascia infiltration of adenocarcinoma. The primary tumors in these patients were 
moderately well differentiated, except one, which was pooriy differentiated. 
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FIG. 1. Computed axial tomo- 
graphic (CAT) scan of the pelvis 
made at the time of antibody ad- 
ministration. Two adjacent cuts 
through the lower pelvis demon- 
strated the cephalad portion of the 
retrorectal mass, which does not 
invade the rectal mucosa. Distal 
to this, a nodule of metastatic ad- 
enocarcinoma, the same as the 
previously resected rectal pri- 
mary adenocarcinoma, was trans- 
rectally biopsied. 




Three patients are currently tumor-free, 22, 13, and 10 months after MAb 
injection (Tkble 2). A brief summary of the clinical events of two of these patients 
follows. 

Patient No. 7 

A 57-year-old woman had a rectal cancer locally resected and wedge excision 
of pulmonary metastasis 6 months prior to receiving MAb. During the intervening 
period she received chemotherapy (5-FU and methyl-lomustine [CCNU]). An 
ischiorectal mass grew progressively despite chemotherapy. She was given 125 
mg MAb on December 15, 1981, and the recurrent ischiorectal cancer was exci- 
sionally biopsied on December 16, 1981 . Subsequently, the patient refused further 
chemotherapy. A CAT scan of the pelvis 1 week after MAb administration re- 
vealed a dense, soft tissue mass with early sacral erosion (Fig. 1). Ten months 
later, no recurrent tumor was detected in the presacral region by CAT scan (Fig. 
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FIG. 2. Pelvic CAT scan. Two 
cuts made at the similar pelvic 
and acetabular landmarks taken 
10 mx)nths after antibody admin- 
istration (Fig. 1). Resolution of 
the mass has occurred, and the 
rectal wall is not distorted. 




2). CEA level, which was 18 ng/inl prior to her initial resection and rose from 
<2.5 to 5 ng/ml during chemotherapy, has been <2.5 ng/ml since MAb treatment. 
She is currently well and her chest X-ray film remains clear. 

Patient No. 14 

A 52-year-old man had a metastatic pancreatic carcinoma biopsied while un- 
dergoing a choledochojejunostomy in July 1982. Postoperatively he was started 
on 5-FU and Adriamycin®. CAT scan showed progression of hepatic defects with 
retroperitoneal adenopathy, and he was given 433 rag MAb in autologous leuko- 
cyte-rich plasma in late September 1982. His CEA values were never elevated. 
In October 1982, he refused further chemotherapy. He currently feels well, and 
CAT scan shows progressive reduction of defects in the head of the pancreas and 
the liver. 

Three other patients who received 15, 92, and 366 mg antibody and had no 
other therapy had no evidence of metastatic disease for 24, 9, and 12 months, 
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respectively, after immunotherapy. Subsequently, disease at the original meta- 
static site in the retroperitoneum, liver, or peritoneum was again documented by 
biopsy. Two of these three patients have since been treated by other conventional 
modalities, i.e., operative resection and radiation therapy, and one (no. 12) re-, 
ceived, in addition, another injection of 150 mg 17-lA MAb (see below). None 
of these patients had any other therapy between the time they received MAb and 
the time the metastases were again documented. They are alive at present. 

Presence of Mouse IgG in Patients' Serum 

Nine patients were available over at least 10 months for detailed study of levels 
and duration of mouse IgG in their serum. High levels of mouse IgG were ob- 
served within 1-3 h of administration of MAb. Maintenance of these levels was 
related in general to the dose of MAb given, and was not influenced by the route 
of administration. A more rapid clearance of MAb was not detected in patients 
who had this administered into their hepatic arteries. 

As shown in Fig. 3 (top), mouse IgG in blood of patients who received 15-133 
mg MAb (nos. 1, 7, 8, and 9 in Table 1) circulated at detectable levels for 2-8 
days, with the shortest duration following administration of the lowest (15 mg) 
dose of MAb. 

In contrast, five of the six patients who received high doses (366-675 mg) of 
MAb circulated mouse IgG at much higher levels than in the preceding group and 
for considerably longer periods of time (Fig, 3, bottom). One of the patients, 
however, who received 366 mg MAb, ceased mouse IgG cu*culation on the 5th 
day after injection of MAb, even though he did not develop human anti-mouse 
antibody (see below). 

Initial attempts to demonstrate antibody binding on tissues after systemic in- 
jection in these patients was impossible. Subsequently, techniques were devel- 
oped to document antibody in resected tissues. One patient (no. 18) has had 
multiple biopsies of her skin metastasis or normal rectal mucosa prior to and after 
injection with MAb. These specimens were evaluated by modified fixation and 
immunoperoxidase techniques (8). Murine immunoglobulin could be detected on 
the metastatic tumor 48 h after injection. This was seen as focal staining at 1 
week and was not evident 3 weeks after injection. Antibody did not bind to the 
dermal or epidermal elements. Positive but less intense staining was detected on 
the normal rectal mucosa at 48 h which was not detected thereafter. As these 
techniques were not developed until 18 months after the study was started and 
since they require fresh tissues, retrospective review of previously treated pa- 
tients' lesions could not be accomplished. 

Human Anti-Mouse Antibody Response 

As shown in Table 3, eight of nine patients injected with a dose of MAb of 
=^200 mg developed anti-mouse antibodies. The only patient who failed to produce 
these antibodies was anergic to recall antigens and was terminally ill at the times 
he was treated with MAb. Of nine patients who received larger (366-1,000 mg) 
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Dose (mg) of MAb 




0 2 4 6 8 10 12 14 16 20 40 60 142 

Days after MAb treatment 



Dose (mg) of MAb 
administered 




Days after MAb treatment 

FIG. 3. Persistence of mouse IgG in sera of patients treated with monoclonal antibody (MAb). 
Patient's serum, diluted 1:10 in buffer, was exposed to rabbit anti-mouse IgG antibody and the binding 
was detected by *^^I-labeled rabbit anti-mouse F(ab')2 inununoglobulin. Tap: Data obtained from four 
individuals who received low or medium doses of MAb 1083-17-lA. Bottom: Data obtained from sLx 
individuals who received large doses of MAb 1083-17-lA. 
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TABLE 3. Correlation between dosage of monoclonal 
antibody (MAb) and human anti-mouse antibody response 



Amount of mouse MAb given ' 


Ratio of patients developing 


in single iryection (mg) 


human anti-mouse antibody 


15-200 


8''/9 


366-1,000 


1V9 



° One immunosuppressed patient who received 150 mg MAb did 
not develop human anti-mouse antibodies. 

* Patient who received 675 mg showed presence of human anti- 
mouse antibodies only between the 14th and 37th day after treat- 
ment. 



doses of MAb, only one developed human anti-mouse antibodies transiently be- 
tween 14 and 37 days after treatment. This patient had previously been skin- 
tested with an F(ab')2 fragment of 17-lA for an imaging trial. When anti-mouse 
antibodies developed, response was first detected in the blood at 6-10 days after 
administration of MAb, and this coincided with the cessation of circulation of 
mouse IgG (see Fig. 3, top), with the exception of the patient who circulated 
mouse IgG for 5 days and did not develop human anti-mouse antibodies (see Fig. 
3, bottom). The level of human anti-mouse antibody reached a peak at 14-21 
days after administration of MAb, and thereafter the concentrations of those 
antibodies usually decreased to an undetectable level at 100 days after MAb 
administration. 

Repeated Injection of MAb 

One patient, who had no anti-mouse globulin antibodies after injection with 
366 mg MAb, was reinjected with 150 mg of the same MAb 350 days after the 
first injection. Sera were obtained 7 and 10 days later that showed the presence 
of human anti-mouse immunoglobulin antibody, although there were no symp- 
toms of immediate or delayed allergic reactions. A patient who received five 
injections of 200, 60, 30, 30, and 10 mg of antibody spaced over 1 1 days has been 
described previously (1). He did have an anaphylactic type of reaction at the time 
of injections 11 days following the initial exposure. 

DISCUSSION 

This report describes the effect of immunotherapy with mouse MAb in a human 
solid tumor system. The 1083- 17-1 A MAb chosen for this trial binds to all human 
CRC maintained in tissue culture (9), and is tumoricidal for all CRC that have 
been implanted in nude mice (2,3). The results of imaging of CRC in humans with 
this radiolabeled MAb indicate that the label can be detected in the tumor and in 
no other tissue on gamma scintigraphy (4-6). Up to 1 g of this purified MAb can 
be safely given to patients by intravenous infusion without any side effects. The 
mouse IgG is detectable in the patient's circulation from 2 to 50 days, depending 
on the dose administered. Confirming the results of imaging, the MAb was de- 
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tected on cells of metastatic tumor biopsies within the first few days after injection 
of MAb. When the dose of MAb was =s200 mg, all patients who were not anergic 
developed anti-mouse antibodies which were present in the circulation for con- 
siderable lengths of time. When the dose of MAb given exceeded 366 mg, eight 
of nine patients who were otherwise capable of mounting an immune response 
did not develop anti-mouse antibodies. The one who did had been previously 
skin-tested with F(ab')2 fragments of the 17-1 A MAb for an imaging study. If 
tolerance was induced by administering large doses of MAb, it could be broken 
easily by a second administration of an immunogenic dose of MAb. Again, in 
this case, no untoward reaction was observed. It is quite possible that, to maintain 
tolerance to mouse immunoglobulin, it may be necessary to continue administra- 
tion of MAb to a patient at frequent intervals, or large subsequent doses may be 
necessary to prevent tolerance being broken. 

Eleven patients treated in the initial phases of the study had widespread me- 
tastases which compromised hepatic or renal function; nine of those also had an 
abdominal operative procedure. In this clinical setting, we were limited to ob- 
servations indicating the absence of acute toxicity of intravenously administered 
MAb and the absence of aggravation of these abnormalities after antibody treat- 
ment. 

Nine patients whose metastases had not caused hepatic or renal dysfunction 
are ahve 10-35 months after treatment. Three of the nine patients who received 
125-611 mg MAb have no evidence of residual disease (nos. 7, 14, and 20 in 
Tkble 2). Three of the nine patients failed prior chemotherapy. Although radiation 
therapy in one patient (no. 9) and chemotherapy in another (no. 13), after MAb 
treatment, preclude an exact assessment of the role of immunotherapy in these 
outcomes, one patient (no. 7), who failed previous chemotherapy and received 
no other treatment following immunotherapy, has no evidence of disease 22 
months after MAb treatment. 

Although it is difficult to extrapolate results obtained with human tumor xe- 
nografts in mice (2,3) to those obtained in humans with gastrointestinal cancer, 
it is possible that the destruction of tumors in humans occurs because of the 
tumoricidal activity of the patient's own effector cells mediated by the MAb. In 
mice the effector cells have been identified as macrophages (3,l0); human mac- 
rophages isolated from tumor tissue express receptors for the Fc terminal of 
mouse MAb of IgG2a isotype only (11), and are tumoricidal in the presence of 
mouse IgG2a MAb. That this is the only mechanism of destruction of malignant 
cells in humans after treatment with MAb is not clear at present. One cannot rule 
out the possibility that a human subject may develop his or her own defense 
mechanism, perhaps through an anti-idiotypic response following exposure to 
MAb (12). 

Taking all this into consideration, we believe that immunotherapy with an MAb 
that has been proven to specifically destroy human CRC xenotransplants in mice 
(2,3) may inhibit gastrointestinal cancer in patients with metastatic disease. These 
results warrant use of this MAb (1) in more extensive clinical trials with patients 
who have limited tumor burdens. 
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ABSTRACT 

A murine monoclonal antibody (MAb) which binds to human 
metastatic gastrointestinal adenocarcinomas can be adminis- 
tered safely and has tumor effects in some patients. Its thera- 
peutic effect was assessed in 20 patients with measurable 
advanced colorectal carcinoma that was refractory to prior sur- 
gical resection, chemotherapy, and/or radiotherapy. Ail patients 
had agreed to receive no other therapy at the time of MAb 
administration and follow-up evaluation. In one patient, tumor at 
all known sites responded after a single i.v. injection of antibody. 
One other patient had a marked reduction in a hepatic metastasis 
where binding of ^^^l-labeled F(ab')2 MAb fragments was dem- 
onstrated but not in his abdominal wall metastases where no 
MAb binding could be demonstrated. In a third patient, stabili- 
zation persisting for 12 mo of an aggressively growing tumor 
was observed. The antibody was well tolerated in all patients, 
although 10 patients mounted an anti-murine immunoglobulin 
antibody response. 

INTRODUCTION 

Immunotherapy of gastrointestinal adenocarcinoma with mu- 
rine MAb^ is a new approach to the management of a difficult 
clinical problem. Previous in vitro and animal in vivo studies have 
identified a murine lgG2a MAb 1083-1 7-1 A (17-1 A) that has 
strong cellular effector-mediated cytotoxicity and gastrointestinal 
tumor inhibitory properties (1-3). Preliminary clinical trials in 
patients to assess toxicity and binding specificity of this MAb 
indicated the safety of a single systemk; exposure to this murine 
immunoglobulin, the human response to mouse immunoglobulin 
as antigen, and the possibility of allergic reactions to multiple 
antibody infusions (4, 5). The studies also indicated tumor re- 
sponses in some patients (4, 5). In those patients, biopsy-proven 
tumor regression was temporally associated with the administra- 
tion of antibody and 2 of the 20 patients have remained tumor- 
free for more than 2 yr. Evaluation of antibody specificity in that 
trial could be done only after biopsy obtained during operative 
management of metastatic disease and some indicator lesions 
were thereby altered. Furthermore some of the patients had 
either stopped chemotherapy just prior to or after entering the 
immunotherapy trial and one patient received radiation therapy 
6 wk after antibody administration, despite the fact that his 
circulating tumor antigen (carcinoembryonic antigen) levels had 

'This worM. was supported by Grants CA-10815, CA-25874, CA-329^, CA- 
21 124, and RR-05540 from NIH. . 

^To whom requests for reprints should be addressed. Present address: New 
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^The abbreviations used are: MAb. monoclonal antibody; GAT, computerized 
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already returned to normal. 

The present clinical study was conducted to evaluate the 
effects of MAb 17-1 A in a patient population with laiye tumor 
burden but without potentially confounding factors such as si- 
multaneous additional forms of therapy. Findings in this trial 
support a role for MAbs as tumor modulators and suggest the 
need for modified strategies in antibody administration. 

MATERIALS AND METHODS 

Patients. Patients with advanced colon and rectal carcinotnas were 
included in this study if they had a 3-rno expected survival, a lesion 
proven refractory to conventional therapies, a nneasurable lesion on 
chest X-ray, liver scan, or computed tomographic evaluations, no other 
therapy for at least 1 mo prior to mouse MAb administration, no hepatic 
dysfunction as reflected by bilirubin or serum glutamic oxaloacetic trans- 
aminase levels less than twice normal levels, no renal dysfunction, and 
no other cytotoxic therapy during the 3-mo evaluation phase of the 
study. A total of 20 patients were included in this study between January 
and September 1983 with informed consent from each patisnt. ft evh 
dence of disease progression was observed at any time after the start 
of the evaluation, the patient was treated by the appropriate conventional 
nDodalities as determined by the referring physician. The measurable 
lesions were studied at 1 and 3 mo after antibody infusion by the same 
technique used for the initial evaluation. Blood studies were done to 
assess potential hematological, renal, or hepatic toxicity, and to detect 
immune responses stimulated by murine immunoglobulin. 

Antibody. The lgG2a murine monoclonal antibody 17-1 A was derived 
from mice immunized with SW1083 human colon carcinoma cells (6. 7). 
The antibody was purified from hybrldoma cell culture supernatants or 
from ascites of hybridoma tumor-bearing mice by Protein A-Sepharose 
column chromatography under sterile conditions. The effluent of the 
column was tested for Gram-negative endotoxins by the Umuius amoe- 
bocyte lysate assay. Purity of the immunoglobulin was confirmed elec- 
trophoretically. The concentration of IgG was estimated by absorbance 
at 280 nm. The purified antibody was tested in radioimmunoassay for 
binding specificities (6, 7). Sterility of the antibody preparation was 
monitored by Incubating a sample for 2 wk in thtoglycofate broth and 
nutrient broth (Difco, Detroit, Ml). 

Prior to administration, the antibody preparation was centrifuged for 
60 min at 100,000 x p to remove all immunoglobulin aggregates. 

Administration of Antibody. Twenty patients received a single 200- 
to 850-mg i.v. infusion of MAb 17-1 A during the evaluation period (Table 
1). In two patients, the infusions had to be discontinued prior to the 
completion because of urticaria. The antibody was diluted in 250 ml of 
normal saline and administered over at least 1 h in a Special Care Unit 
where trained personnel were present to manage potential toxic or 
allergic reactions. Patients were monitored for changes in pulse, blood 
pressure, and respiratory function during and after the infusioii. Physical 
examinations were made after completion of the infusion and 1 day later 
to identify adverse reactions. 

Human antimouse antibody response was assessed t)efore iind 1 v^** 
after MAb infusion (4, 5). No patient with preexisting antibo'.ly against 
murine globulin was identified. Sera reactive after MAb administration 
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TaWel 

Phase H clinical trial with MAb 




Sex 


Age 


Site of 
primary 


Site of 
metastas^ 


MAb dose 
/moi 


Carcinoembryonic antigen 
at time ot antibody 
administration 


Anti-mouse 
antibody 


Anti-idiot ype 
antibody 


Status 


M 


60 


Colon 


Liver 


765 


2540 


- 


- 


Dead 


F 


40 


Coton 


Lung 


255 


246 


- 


- 


Dead 


M 


65 


Colon 


Liver 


850 


51 


+ 


+ 


Dead* 


M 


58 


Colon 


Liver 


800 


260 


+ 


- 


Dead 


M 


41 


Rectum 


Lung 


112 


293 


+ 


+ 


Dead 




51 


Colon 


Retroperitoneum 


200 


76 


+ 


+ 


Dead 


F 


49 


Rectum 


Relroperitoneum 


770 


9.4 


+ 




Dead 


M 


65 


Rectum 


Pelvis 


192 


81 


- 


- 


Dead 


F 


48 


Colon 


Lung 


207 


<2.5 


+ 


+ 


Dead 


F 


65 


Colon 


Uver 


215 


96 






Dead 


M 


55 


Cokxi 


Liver 


220 


10BO 






Dead 


F 


36 


Coton 


Pelvis 


220 


<2.5 






Alive with disease" 


F 


70 


Rectum 


Pelvis 


220 


<25 






Alive with disease*" 


F 


44 


Colon 
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^■'jj^^ggponse in river metastasis but not in abdominal waH metastasis. 

TfiwrtlfiJTtber assayed for the appearance of antiidiotypic antibody weekly 
■^'4 WK and then monthly for 3 mo (8). Patients were examined for signs 
i|^pymptoms of serum sickness for 1 mo after the infusion. 



{Mt|St patients tolerated the infusion well. Two patients devel- 
'^^'''^i urticaria, one of whom was treated with antihistamine. One 



^ifi^t developed nausea and another developed diarrhea in the 
"Sdiate postinfusion period but these symptoms sponta- 
iR.ly resolved. There were no vasomotor changes, txoncho- 
' tey complaints nor any delayed symptoms that could be 
'ated with serum sickness. No hematological, hepatic, or 
J^anges were noted. Ten of 20 evaluable patients devel- 
"^/•hurnan anti-murine antibody. Eight of 10 patients showed 
^„ djbtype antitx)dy responses, two patients did not raise such 
'Jifimune response, and the response in the other patient has 
^^t>een determined. 

.,Jt$e ot 20 patients had tumor effects which were docu- 
at 1 and 3 mo after administration of MAb and persisted 
'^.pore than 12 mo. One of these patients (Table 1 , patient 32) 
^''^"nded partially with resolution of a pelvic recurrence as 
^ted by CAT at 1 and 3 mo after antibody administration 
/5;i and 2). At 18 mo after antibody treatment, no recurrence 
^i#lat mass has been detected, although that patient's carci- 
h^^rntjryonic antigen levels which were normal for 12 nro are 
llfgncreasing. The site of her metastatic disease Is a small 
%>hary nodule. The second responding patient (Table 1, 
^.t 34) was judged to have a stabilization of a pelvic recur- 
j which had t>een growing rapidly prior to antibody infusion, 
.^^ise in this patient has remained stabilized for 12 mo since 
liment, as indicated by an unchanged CAT scan and the 
gent has improved symptomatically. 
Il-the 18 remaining patients, one (patient 23) had previously 
/included in a radioimaging trial using iodinated F(ab')? 
^iXgy;^€»nt of MAb 17-1 A. In that trial, antibody had localized in 
5ifM%ge hepatic tumor but not in his abdominal wall metastasis, 
a^tfie present Immunotherapy trial, the hepatic metastases of 



this patient showed partial regression and calcification, as doc- 
umented by CAT scan, while the abdominal wall metastasis 
continued to grow. Because of the progresion at the latter site, 
the patient was considered a nonresponder. 

DISCUSSION 

The murine MAb 17-1 A has been an extremely valuable re- 
agent for the study of human gastrointestinal adenocarcinoma 
(1-12). It binds to almost all colon adenocarcinoma cell lines 
tested and can be used to radioimage metastatic tumors (6, 7, 
11, 12). Radiolocalization techniques can detect disease using 
morxx^onal reagents not identifiable by conventional CAT scan 
evaluations (12). 

The patient population in the present study differed consider- 
ably from that in the phase I study (4, 5). Patients in the present 
study had large tumor burden, a short expected survival time, 
and were required to cease all other therapies for a full month 
before entering the immunotherapy trial. Furthermore many pa- 
tients in the first trial received single or multiple injections of MAb 
incubated with an autologous leukocyte preparation (4, 5), 
vrfiereas patients in the present trial received MAb alone and in 
a single administration. Modification of any one of these param- 
eters might alter the ultimate outcome of MAb therapy for the 
patient. 

The heterogeneity of antigen expression in disseminated met- 
astatic tumor, as demonstrated by the response of a patient's 
hepatic metastasis but not by the abdominal wall metastasis, is 
of interest for future approaches to MAb immunotherapy but 
thus far has been observed in only 2 patients of our total series. 
Since other investigators (1 3) have demonstrated that antibody 
in cooperation with host effector cells can kill tumors of small 
size, it is impressive that some patients with larger tumor burden 
had also responded. As MAb 17-1 A seems to exert its effect 
through armed macrophage mediators (3, 14), the minimal re- 
sponse in some of the patients may rest in the unfavorable ratios 
of these effector cells to billions of proliferating tumor cells. It is 
also worth stressing that the effector cell function in many 
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patients was impaired by previous treatments such as chemo- 
therapy and radiation. 

Of the group of patients described previously (8) and those 
included in the present study, seven had tumors that were altered 
in response to MAb treatment, and in 5 of these patients in the 
original study, antiidiotypic responses were demonstrated. Only 
one of the tv^/o responders with large tumor burden in the present 
study had detectable anti-idiotype antibodies. 

These results support previous observations that a murine 
cytotoxic anticdorectal cancer MAb can modulate growth of 
adenocarcinoma in patients. Evidence continues to hold for 
variable responses in patients with large tumor burdens. Future 
studies in patients with small residual tumor burden are needed. 
Strategies that allow multiple exposures to MAbs reacting with 
different antigens on the cancer ceils should allow more efficient 
treatment and overcome the problem of tumor cell heterogeneity. 
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Immune Response to Tumor Antigens in a Patient with Colorectal 
oancer after Immunization with Anti-idiotype Antibody 



An active vaccination protocol ^as perfomied on one pa- 
tient with colon carcinoiria as a pilot to a proBpeutive nm- 
damired double-blind clinkal trial with the vaccin* SOZ 
SCV 106. This vaccina is an anti-idiotype goat antibody to 
the inonociomil antibody 17-lA , which is directed against 
the tufnor antigen 17»1A. To study the effect of the therapy 
on tho immune reactivity, several testa were performed to 
dei^ ■ t ?xnti-tum^)r antibodies in the serum as well a& in clu- 
^U^^ : ^^^letastatic tissue. F*irthermore me.tastms^ removed 
Mcn Jii^ lunK 'vere examined by immunohifliochcmiBtry. 
- n ri^h^ sug^rest thnt the humoral and ceQulai- immune 
VV nvviiry afjain.^iC th<; ttunor are enhanced. o iwr Acmirm;* 



*jVTHODi;CTI0N 

a-fany approfjches to enhajice imraimological tumor 
^ action have been uBed or are atill under investiga- 
Cu.^ Passive sorotherapy with monoclonal antibodies 
-:n\i}d ^/radicate clinically evident established tumor in 
-fMiiv; patients vnth gastrointestiMi carcinoma (1-^3). 
Che main disadvantage of a treatment vTith anmial 
aoaoclonal antibodies is the development of antibodies 
o the species- specific parts of the antibody, which can 
Jieutralize therapeutic effects and cause adverse 
^vente, cis reported by many authors. A novel approach 
v=> the development of human antibodies to tumor an- 
'r»gen3. Besides doin^ this in vitro, it is also possible to 
ftlicih an immuD.e response in vivo, making use of anti- 
idiotype antibodies hearing the internal image of tu- 
xuor antigens. Vaccination by this anti-idiotype princi - 
ple has been sugjgei^ted to be smtable for situations in 
which the tumc»r antig/?ri itself cannot be purified or 
safely adminisl;^red. vXlthough ani7n3i experimente 
demoHBtrate the validity of this approach (4), no ran- 
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domized clinical trials on the efficacy of this therapy 
have been reported so far. 

An anti-idiotype vaccine, SCV 106 (5), was devel- 
oped in goats against a monoclonal antibody 17- lA 
from the Wietax Institute, which is directed againat the 
antigen 17^1A, present on colon carcinoma cells (6) 
ms vaccme can be expected to bear the internal imaije 
of the tumor antigen and might therefore induce an 
mmtune response against the tumor. A Phase I study 
has already been published (6). As a pilot to a prospec- 
tive randomised double-blind clinical trial, one patient 
was treated with SCV 106. Immune reactions in this 
patient were studied. 

PATIENTS, IVUTEKIALS, AND METUODS 
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Patients 

The pilot patient was a 39-year-old man who waa 
henucolectomized due to colon carcinoma (DuJcea C) 
At the hme of entry into the study (2 years after oper^ 
ation; he had two lung metastases. The imrnunizatioii 
treatment with goat anti-id 17-lA consisted of sc injec- 
tions 4 mg each, in Weeks 0, 1, 2, 4, 10, 16, 22, and 28. 
The therapy waa given with informed consent. By the 
end of therapy, no new metastases were found The two 
limg metastases, which by CT scan appeared to have 
sbghtly rncreased in size to 3 and 1 cm in diameter 
wer e tlien surgically removed. During the course of the 
study the presence of specific B-cells and antibody ni- 
ters agamst anti-id 17 lA were investigated. The re- 
moved metastatic tissue waa submitted to immuno- 
histochemical and biochemical investigation. 

Control sera were taken from a placebo patient 
taken from the doublesbhnd clinical trial, which is cur- 
rently in evaluation. This control patient wa^ a 42- 
year-old woman operated on for colon carcinoma IVa 
years before entry in the study. She had two liver me- 
tastases. ControLs in the double-blind study were 
tre^ated with the placebo vaccine, normal goat anti- 
body. The treatment ?icheme was identical to that de- 
scribed above for the anti-id treatment. 
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Control E lymphocytes were taken from an un- 
0 treated colon carcinoma patient with comparable met^ 
astatic disease. 

^ Preparation and Purification of the A nti-idiotypic 
Antibody, SCV 106 

Groats were injected subcutaneouflly at multiple sites 
with purifie<l antibody 17'1A emulsified in complete 
Freund's adjuvant. Booster ir^ections with antibody in 
Lncotaplete Freund's adjuvant were applied on Days 8 
and 29. Seru^i was collected over a period of 2 months 
and IgG was isolated from goat immime serum by ion* 
^exchange chromatography on DEAE Trisacryl M 
~BF). Isolation of anti-idiotypic antibodies waa done by 
immuno-affinity chromatography, ImmTinosorbenta 
(mouse IgG2a-Sepharose, 17-lA-Sepharose, and poly- 
clonal mouse IgG-Sepharose) were prepared by cou- 
pling- purified antibodies to CNBr- activated Sepharose 
4B (Pharmacia)- Goat IgG was sequentially adsorbed 
on mouse IgG2a^Sepharose and 17-lA-Sepbarose to re- 
move anti-isotypic and anti-idiotypic antibodies^ re- 
spectively. The fraction coutaiaing anti-idiotypic anti- 
bodies was passed over the polyclonal mouse IgG- 
Sepharose to remove trace amounts of anti-isotypic 
antibodies. Purity of isolated aj\ti-idiotypic antibodies 
vyi^h reference to the anti-isotypic cross-reaction, 
. t^*::;,«d by ELISA, was better than 99%, 

DeCeciion of Human Anti-Goat Antibodies 

Total humoral immune response was evaluated by 
measuring antibody titers against the immunizing 
agent by an ELISA system (7), Microtiter plates (Im- 
^ iinoplate II, Nunc) were coated for 1 hr at room tem- 
"i.>^rature with the immunizing agent (goat anti-id 17- 
lA) at 2 (ag/ml in carbonate buflFer (0.05 M, pH 9.6). 
Dlocked with a 5% fetal caJf serum (FCS) solution in 
FBS; after exUinsive washing, serial dilutions of serum 
samples were incubated for 1 hr at room temperatwe. 
The plates were then washed and an excess of peroxi- 
dase^leheled sheep anti-himxan Ig (Amershazn) was 
added and incubated for 1 hr at room temperature, 
.^r washing, ABTS (Amershara) was added to react 
?br 15 min. Absorbance waa read at 405 nm with a 
620-nm reference wavelength. Results were expressed 
as reciprocal serum dilutions at the 20% level of the 
maximum absorbance. 

Detection of Specific Immune Response {Anti-id Titer) 

Human imtibodies that inhibit binding of the vac- 
cine (anti'id 17-lA) to raoab 17-lA were measured to 
evahiate the sjjecific (anti-idiotypic) immime response 
^0). Serum sajnples were preincubated with normal 
goat IgG at 300 (j.g/ml overnight at room temperature. 
Serial dilutions of all samples were made and incu- 
bated with biotinylated goat anti-id 17-lA at 1 M-ff/nil 



for 30 min at 37X. Microtiter plates (Immunoplates U 
JMunc) were coated overnight at 4**C with moab 17-lA 
at 0 3 ng/ml in carbonate buffer (0.05 M, pH 9.6) and 
blocked with a 5% fetal calf serum (PCS) solution Af- 
ter extensive washing, preincubated serum samples 
were transferred to the plate and incubated for 30 min 
at 37*C. The plates were then washed and an excess of 
peroxidase^opjugated avidin D (Vector Laboratories 
California) was added for a 30-min incubation at ZTQ 
After washing, ABTS CAmeraham, UK) waa added and 
reacted for 15 min. Absorbance was read at 405 nm 
with a 620-ura reference wavelength. Results were ex- 
pressed in reciprocal serum dilutions at the 50% level 
of the maximum absorbance. 

Detection of Tumor Cell Binding Antibodies (MHA) 

Sheep red blood cells (SRBC) were coated with goat 
anti-human Ig antibodies (Amersham) usim? a 0 1% 
CrCla and 0.9% NaCl solution. 

Tumor ceils (SW 1116) in MEM containing 10^ FCS 
were plated (70.000 cells per well) in a microtiter plate 
(Nunc) and incubated for 24 hr at 37''C. After washing 
with PBS» serial dilutions of serum were added and 
incubated for 1 hr at room temperature. The plates 
were then washed and the coated SRBCs were added 
for a 1-hr incubation at room temperature. After wash- 
ing, about 100 cells of each well were scored microscop- 
ically (7). Cells were scored positive if at least two 
erythrocytes were attached. 

Detection of Antibodies Binding to Purified 73-3 
Tumor Antigen 

Tumor antigen binding human antibodies, produced 
by EBV immortalized B cells (8), were detected by an 
ELISA system. Microtiter plates were coated overnight 
at with 73-3 tumor antigen (7) using Biobeads 
(SM4, Bio-Rad. Austria) and blocked with a 3% bovine 
serum albumin (BSA) solution. After extensive wash- 
ing, immortalized B-cell supernatants were incubated 
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FIG, 1. Total humoral unmuzie response tigainst the immuniung 
agent SDZ SCV 106 was used aa verum vaccbie and normal goat 
antibody as placebo vaccine. 
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FIG. 2. Humora) immune response in a competitive ELI8A 
using the vaccine X7-1A as antigen. Antibodiaa inhibiting the 
V An^ of nioab to the vaccine are abown. 

for 1 Jbr at 37°C, The plates were then washed and an 
excess of peroxidase-laheled sheep anti-human Ig {Am- 
ersbam) was added for a 1-hr incubation at 37''C- After 
washing, ABTS (Amersham) was added and reacted for 
1 hr at room temperature- Absorbaxjce was read at 405 
nxn with a 620-nnri reference v^avelength. 

Irn ra Ltnohistochemis'try 

FH'e-rmcroir)eter thin ci-yoatat sections of metastatic 
1;i.*^5iie tvere prepared, fixed in acetone, and then prein- 
^j^7iite<i with hydrogen peroxide to destroy endogenous 
^i^^:>3cidase and with norma] goat serum to prevent un- 
. pacific bindin^r of antibodies. Subsequently the slides 
were incubated with primary mouse monoclonal anti- 
:odies anti-CDS (T cella), anti-CD4 (T-heLper cells), 
^nti-CDS (T-s^ippressor/cytotoxic cells), anti-CD14 
>Qonoc3rteB/macrophageB), and CD19 (natural killer 
. ./ s) (Bectoa Dickinaon, California), with the 73-3 an- 
'"wody reacting with the aame antigen as anti-17-lA 
produced by Sando2, Vienna, Austria) and with the 



FIG. 4 EBV-immortHjiied patienf a B celk produce antibodies 
against the tumor antigen, compared to B celle taken from an un- 
treated colon carcinoma patient. 



anti-HLA-DR. which was a generous gift: of Dr. O. Mai* 
die (University of Vienna, Austria). NormaJ mouse IgG 
was used as a negative control Furthetzoore, the poly- 
clonaJ rabbit anti-human CSC antiserum (Dako, Den- 
mark) was used, with unspecific rabbit serum as a neg^ 
ative control. Following repeated washing, goat anti- 
mouse antibody (Nordic, The Netherlands) or swine 
anti-rabbit FITC (Dako, Denmark) was added to the 
slides. The slides with mouse monoclonals as first an- 
tibody were treated with mouse peroxidase-anti- 
peroxidase (PAP) complex (Dako. Denmark) and per- 
oxidase demonstrated by diaminobenzidine (Fluka, 
Switzerland). These sections were counterstained with 
hematoxilin^ dehydrated, and coversLipped with Per- 
mount. The glides stained with the FITC coiyugate 
only were washed and mounted. 

Elation of Antibodies from Metastatic Tissue 

Parts of the metastatic tissue were used for eiution of 
eventually bound anti-tumor antibodies. The tissue 
was mechanically dissociated and extensively washed 
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FIG. 3. Tunior crU bindir^g antibodies were found in the stsnim of the patient treated with the vcmm vaccine and not in the serum of the 
plucaho patient. 10^ 207c poeitiVft cells, \ 20-50%, >50%, ^^^^ 
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FIG. 5. Presence of aatihadies binding to th« bxxmuni^ing Bger%t 
(aj>tt"td 17-1 A) jnELJSAtifccr units- Low titeruofantibodicacouJdbe 
detoctiiH ailer the firet washings. The elimte aflet 1 hr incubation 
comtfti'^edi the bigheat titer of antibodies. Only mmuta amounts of 



with FBS by gently shaking it at room temperature. 
Buffer was clianged several times tmtil no human an- 
tibodies coviM he detected in the supemfltant. Acidic 
bul'er treatxoeBt (0.2 M Glycil/irCl, pH 2.8) for 1 hr at 
room. temperatvn-B was then performed for elutioB of 
antibodies tightly bound to the tissue (elnate 1); there- 
alter tij^sua was incubated witl"Ji the saxae buffer for 
another 80 mm (eluafee 2). The supenaatants were in- 
%>estigated for the presence of antibodies binding to the 
inmiuxmixig agent (anti-id 17-lA) ia ELISA. 



RESULTS 

Figiire 1 shows the total innnune response against 
the iirnnunizing agent which remained constaat dur^ 
ing the whole ixximurmation period in both cajses. 

The patient developed a specific imtaxme response in 
the comp6titive ELISA system, in terms of an anti- 
Bxitvid titer, which rose quite slo%vly during the treat- 
ment period. No such specific titer coiild be detected in 
serum samples from the pbcebo patieut, u& demon- 
strated in Fig. 2. 

Tumor cell binding human antibodies could be found 
in serum samples of the patient using the MHA tech- 
nique, in contrast to the control samples. These results 
are shown in Fig. 3, 

Using EBV immortalized B cells of the patient, an 
increasing number of clones wajs observed during ther- 
apy producing antibodies specific for the 17-lA tumor 
antigen. A comparison of clones fi*om the patient 31 
weeks after initial immimization with those fVom an 
untreated patient is shown in Fig, 4. 

The antibody elution jnoethod performed on the me- 
tastases showed antibodies binding to the imnaunixing 
agent Canti~id 17-lA) in EUSA (Fig. 5). 

The metastatic tissue removed from the King con- 
siBted of various sized glands which were lined with 
several irregular layers of colonic epitheJia! cells and 
which contained nuroerous mitotic Bgures. Imxnuno- 
histochemical reaction utilising 7a-3 antibody showed 
that the epithelial component of the metastasis did ex- 
press the examined tumor antigen, since the moab 73-3 




FIG. 6. Iizitnuije-peroxidaae reaction with thti moab 73^ performed on mehastfttic tissue, Teraoved from the lung. The metastatic cells 
strongly express the tumor antigen, to which the anti-id, used for the described vaccination, wa« an internal Itnagfe (see arrow). A gr*>up ot 
lymphocyte (soc double arro^ws) inifiltrdtea the etrojma gurroundinj? nriet^aetatic epithelial cellfl. Magnificstion X400. 
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FIG. 1 . Ixnmuno fluorescence: The same tiaaue as that shown in Tig. 6 reacted with polyclonal anti-complemeat antibocly. Tumor cells are 

poaitivj;. Magu location X400. 



sh.cne^x Bti Djig positivity. This moab detects an antigen 
id^tlcaf lo the X7-1A antigen (Fig, 6). About one«third 
oi t ^ c metastatic tissue examined consisted of necrotic 
fo ,f. ^a>"oe of which contained small mononuclear cells 
w pycnctic nuclei. Several parts of the metastases 
si awed a varying degree of desmoplastic reaction. 
S »e stromal tcirritories contained groups of infiltrat- 



ing lyniphoc3^8. Alveolar macrophages with balloon- 
like cytoplasm filled the compreased alveolaur lumina in 
the areas surrounding the metastasis. Metastatic epi- 
thelial cells showed a diffuse staining pattern for the 
complement component C3c (Pig. 7). They also were 
strongly HLA-DR positive (Fig, 8). The bed of the me- 
tastasis was composed of a narrow layer of partly ne- 




S. Lmmujarj -peroxidase reaction on the eame tieauB a& that in Fig. 6 with a monoclon&l antibody dirQctad againDt HLA-DR, Tlie 
metastatic epitheliaJ colla showed a strong fbcal reactivity (gee arrows). Mtignificaiion ?<400. 
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mu^c.stai^glKwe/£t^^^^^^ lo- 
wers T cells rem *T these lymphocytes 
(Cm^ sfonli' ;:rtTw::et ^'^^'^^ 
cytotoxic cells (CD8^ VriO) Tv I ^'^'^PP^e^sor/ 
withia the tumor ctV^m , ^"'P^'^'f^'*" ^^'^"ed 
show.dCD4orCD8Do,?Hv1J""' "'^'"^ ^^^^ and 
We feled to cTaSX '''' distribution. 

they were CD3 '^'cm4-" I'd CD l^" " ^ 

jDiscussroN 

treatment with the ^ ?niiuun«ation 

lOfi AUh„..„t L ^"-wiotype vaccine SDZ SCV 
AUb. Although the control patient treated uHrt, 
cine consisting of unspecific noi^Ii * ^ * 

aiins showed fsfcroSroveriXtnr«f 
apparently kad bo im^f humoral response, she 

.n{;,ej^ThttSeXr;srnr'dS^^^^^ 

port to the hypothesis that ?he h?mS tSmof d.'f 
- ouhnnceable wnh the immuni.3^°S^plZ^f:^^^^^ 
, Many studies addreea the queation S-whSr 
■atxng anhi-tumor axiti bodies can oen^Til » 

T nelner i« fvl ^ ^ massiva xnfltrate of 
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Wrse.Magnificatiok H360 T-aupprwaor «lla w«« anJy 



might cause necrosis Of the tumor f9) T>.» * 
appearance of HLA-DR on t»3 ii ftrongr focal 

|ocal cytokine reW K-Sr 2"^ ''^ '^"^ ^ 

knowTi to contain more nirn^iifiir '^® *ro 
(10). The resStfl from t^o T^'*!^*^''^ Whocytee 

-ill give iB?oriata&to\tth,^^^^^^^ ^^'J^'^'^ 
r-nunologicaj recoenitio^ „f . enhanced im- 
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Antibody engineering 

Martha S Hayden*, Lisa K Gillilandt and Jeffrey A Ledbettert 



The developiTient of recombinant techniques for the rapid 
cloning, eKpression, and characterization of cDNAe encoding 
antibody (Ab) subunits has revolutionized the field of 
antibody engineering. By fusion to heterologous protein 
domains, chain ahuffiing, and inclusion of eelf-assennbly 
motifs, novel molecuies such as bispecific Abs can now be 
generated which possess the subset of functional properties 
designed to fit the intended application. Rapid technological 
developmanis in phage display of peptides and proteins have 
led to a plethora of applications directed towards immunology 
and antibody engineering. Many of the problems associated 
with the therapeuitc use of Abs are being addressed by the 
application of these new techniques. 
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introduction 

Antibody (Ab) molecules and chcir dcfivai:ivcs have 
tremendous poccnciat for use in a variccy of research, 
diagnosdc. and chcrapcudc applicacions. Recent progress 
in the manipulacion of Ab subunits using nr^olccular 
ccchniques. plus the abilicy co, reproducibly select on Ab 
or potential blndirig cargcc, now allows chc generation of 
useful binding subunits chat fuc^ction as expected, while 
avoiding many of the problenns chat have often been 
associt^ccd with these naoicculcs. The domain structure 
of Abs permits their division into funccional subunits^ or 
modules, u hich can be n-kixcd and aiatchcd to crcuct novel 
rnolcculo with a specific subset of functio-nal properties. 
The constant regions of the Ab molecule contribute 
cffcccor properties including Fc receptor binding, scrum 
half-life, Jiiid compicmcnt fixation. This review; however, 



concentrates on engineering the ancigcn-bindirtg site, 
which 15 determined by the variable (V) regioos of the 
hcHvy (V|^) and light {\]J) chains of the Ab ttioIccuIc. The 
antigen-binding site is formed by six hypcrvariablc loops 
known as complcmcncaricy determining regions (CDRs), 
three derived from the Vj^ chain (HI, H2, and H3), and 
three from the chain CLl, L2, and L3), which extend 
beyond the scaffold formed by the Vj^ and framework 
rc.^ions. The CDR loops form highly exposed domains 
chat interact with antigen, yet available evidence suggests 
that only a limited nornbcr of CDR residues actually 
participate in direct antigen-binding interacrions [Ij. The 
genes encoding and Vj^ doniains can be .subcloncd 
and fused co create an engineered gene encoding ^ single 
chain (sc)Fv molecule- ScFv fragments form functional 
derivatives of Abs that maintain the monovalent binding 
specificity of the onginal intact Ab molecules. To create 
a single fusion protein and to stabilize chc interaction 
between the Vl and Vj^ domain of the scFv molecule, 
and Vj.] are separated by a peptide linker of variable length 
and sequence [2-6)> although the most common linker 
used has been the CGly^Scr)^ flexible linker originally 
used by Huston c/ ai [7]. Figure 1 illustraccs the dornain 
structure of Abs and also diagrams some of the novel 
molecules created from Ab subunits. This review focuses 
on recent developments In the field of Ab engineering, 
particularly in the areas of gene cloning, expression 
systems, humaniziicion of Abs, bispecific Abs, and srT\aII 
antigen-binding Ab fragments. 

Advances in gene doning techniques 

Ab engineering evolved rapidly following the develop- 
ment of sophisticated techniques based on polymerase 
chain reaction (PGR) cloning and amplification of genes 
and gene libraries [S]. The generation of a substantial 
database of Ab V region sequences has not only permitted 
the design of V region specific oligonucleotides for further 
PGR applications, but has also facilitated advances in 
the design, computer modeling, and humani^acion of 
Ab derivatives. Generally, cDNAs from hybridomas or 
other cells producing a defined Ab are used to clone 
the sequences cricodlng chc V domains of Ab'^, and 
methods for the rapid and reliable cloning of hybridoma V 
regions have been reported in the past two years [9*, 10], 
Alternative methods have utilized various phage display 
vectors and gene fusion techniques, islong wich PGR 
amplification of genes for Ab subunits, to generate Ab 
repertoires \n v\tro\\\M*\ PGR amplificncion of V regions 
from hybridomas [13], from prcimmunizcd donors (12*. H). 
from naive donors [12*, 15] or from human gcrmlinc 
sequences with semisynthetic in.serts of randomized 
CDR3 regions [16'*) have been used co generate single 
scFv-phage fusions or diverse combinatorial Ab libraries. 
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Structure of Ab moiecuios and Iheic d*C!»ativec. The achsmatic atruciupe of a native Ab moicculc (IgG) and derivatives composed of Ab subonits 
are diagrammed. For eech molecule, the amino terminus is oriented toward the top of the figure, while Ihe c^irboxyl Terminus is orienied toward 
the bottom of the figure. Drawings arc no! to scale, and the peptide or helicaJ linkers are usually fairly short domains of less than 30 amino acid3 
in length, Solid lines indicate peptide domaina, while dotted fines between two domains indicate that ihey associate with one anothar to form 
Meiarodimers. Ch, oonstani hcnvy chain domain; Ct,. constant light chain domain; H, hinge; scFv, fiingle chain variable fragment; s-s, disulfide 
bond; V^; variable light chain domain; V^, variable heavy chain domain. HisB raters to a shon peptide sequence tag which adds a purification 
domain (o thr? Ab fragTients. Similarly, myc, FI^G and HA taga are all short immunogenic peptides recognized by antibodies and provide ah' ' 
idtsntification and possible purification domain for the molecules, to which they are attached. Gene 3 protein is a bacteriophage minor coat 
proTein to which other fusion proteins or peptides can be attached for ph^ge disploy. Depending on the vector' and the coat protein used for 
creating the scFv-phag© fusion proteins, monovalent or multivalent display can bs achieved. Pos and Jun are leucine zippe* sequences which 
inferact to drive heterodimertzation {fos pairs with jun) of lha molecules to which they are atftached. 



Alchovigh the general mcchods mentioned here are noc 
new, (he connbined use of these existing methods and 
the cctmpilacion of more complete sequence datybascs 
has psi'iTiicfed reicitrcher^ in the field to scrcannlinc 
techniques so chat more rapid and reliable cloning of 
scFvs can be achieved. The various mc:hDd^i have been 
developed with particular applications in mind, so chat 
different techniques arc utilized for cloning a desired mAb 
spccificicy from an cxiscinK hybridoma or for isolating new 
molecules specific for ;i desired target -antigen fronn naive 
repertoire libraries. Each approach has its advantages and 
disadvantages^ so that the choice of method?; for isolating 
these molecules often depends on how the antibody 
binding spccifitics arc to be used and whether an antibody 
already exists with desirable properties. 



A novel method of cloning Ab cDNAs nicknamed SLAM 
(selected lymphocyte antibody method) incrcasc^s the 
power of scFv cloning technology by pcrmictng the 
selection and isolatiori of single lymphocytes producing 
Abs against rare denned target antigens using hemolytic 
plaque assays wich antigen coated erythrocytes [17**]. 
Single lymphocytes arc recovered by micromanipulacion. 
and then reverse transcription (RT>-PCR amplification 
of Vj^ and cDNAs is used to clone» express^ and 
reconsticucc the monoclonal (m)Abs of each cell. Once the 
cDNAs for scFv molecules are isolated by one of rhe above 
methods, they can be used alone to express bare scFvs, or 
as the building blocks for gene fusions to create artificial 
adhesion receptors imrnimotoxins (19-22), bispecific 

Ab.s [23—35], intracellular agents which disrupt Cdrgct 
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antigen funccion [9',36*,37-39,40»,41 ',42], or bispecihc 
proccins such as cytokine or enzyme fusions [43,44]. 

Expression systems 

Depending on chc applicacion and complexity of rhc 
recombinync engineered molecules, a parvicular expres- 
sion system may be preferable to ochers. A variety of 
cransier.c and scnble mammalian expression systems for 
A.b subunits and gene fui>ions are currcncly in use 145*]- 
Transient expression systems involving COS cells have 
been developed for chc rapid and reliable construction^ 
expression, ^nd screening of multiple whole Abs [46-49], 
Ab derivatives [10,24,35,47], and various hcccrolu^jous 
^eac products (43,50,51). Abs and their dcrivacives can 
be expressed by inserting cDNA or genomic cassettes 
under uhc concrol of viral or cellular promoter and enhancer 
clcmeniis. IVansf'cccion can be performed by several 
mcrhods involving dicchylaminocthyl (DEAE)-dextran 
[24,49], calcium phosphate [52J, cleccroporacion [46), 
\^ lipofcction [^5"], or even retroviral transduction fl8*], 

^ Expression levels of Ab derivatives from COS cells may 
vary from less than O.Imgmh' to lOmgrnl"*, depending 
on the fusion construct, expression vector, and the actual 
V region sequences [10,45'). The variability in expression 
levels is probably a function not just of chc conscrucc 
itself, hue also of the hose cell used for expression. In 
particular, if COS cells express antigen which cross-reacts 
with the scFv being expressed, then the expression level 
will be lower than normal. Wc have ob.^crved lower 
expression isvels of anci-human CD40 scFv molecules 
\vhich cross -react winh the monkey CD40 expressed 
on COS cells. In addition, some variability in scFv 
expression Ir.vcls ha.s been observed using different cell 
lines, although scvcrnl constructs which express poorly 
in COS also do so in other host cells (M Haydcn, A 
Watson, unpublished data). COS cells are monkey kidney 
ceils transformed by SV40^ an oncogenic polyoma virus 
capable of Transforming human cells, and are also an 

^ / adherent cell line, two less dcsirsbic properties for large 

scale production because these molecules maghc be used' 
in humans and because suspension cells are more ficxibic 
for scaieup and production, requiring no surface matrix 
for growth and maintenance of chc culture. CHO and 
myeloma cell lines can be used for cransicn: transfcccion 
but, in general, adherent ceil lines such as COS cells 
^ arc ideal for rapid transfection protocols and simplify chc 
rrianipulacions involved in the harvest aa'd screening of 
culture supernatcnti. 

^ As examples, both dihydrofolate reductase (DHFR)-CHO 
and myeloma cell types can be transfccccd, adapted to 
scrum-frcc conditions, and grown to high densities in 
suspension <;ulrure, and chc protein can be exiprcsscd at 
high levels with or vvithouc amplification (45°]. Scrum 
free cond)ci<ins decrease chc costs of producing antibody 
derivacives, ;ind eliminate a possible source of contamina- 
tion by virus, prions, or other infectious material. Myeloma 



lines such as SP2/0, VB2/0. NSO, and P3X63.Ag8.653 
(45r53*]. and DHFR-CHO lines such as DUKX-Bll and 
DG44 [54] can be used for stable, high level expression 
of Ab derivatives. Several methods have been developed 
for co-amplifying expression of a selectable marker gene 
and che Ab derivative using glutaminc synthetase (GS), 
adenosine deaminase (ADA), neomycin (Nco or G418), 
and DHFR [55,56] as marker genes. The .<;elecdvc 
agents uijed vary in price and depend on chc hose cell 
used for expression. Other improvements in scrum-free 
growth methods, such ss che use of fed-batch culture 
of mammalian cell lines and the careful monitoring of 
nutrient mccabohsm. permit alterations in the recipes 
and schedules for feeding, und have led to increases 
In the yield of Ab derivatives [57,58], For bispecific 
Ab derivatives con.structcd as single chain gene fusions, 
these mammalian systems are more likely to generate 
properly folded, functional gene produces with a much 
higher efficiency than bacterial or phage diiiplay type 
systems [27). 

Bacterial expression technologies are con.standy under- 
going refinements and improvements, yet the scFvs 
expressed are often improperly assembled, unglycosy- 
latcd, and misfoJdcd, requiring rcnaturation and other 
manipulations to generate functional protein (27,45*, 59). 
Despite these problems, bacterial expression has a num- 
ber of advantages over mammalian expression systems, 
including rapid generation time, case of cloning, and 
induction levels chat can reach up to 309S of zot&\ 
bacteria! protein. Two general strategies have been used 
for Esc^cric/iicf coU expression of Ab fragments. One 
involves che functional cxpres.^iicn of correctly folded 
Ab fragments by secretion into the periplasm, where 
the oxidizing environment permits proper disulfide bond 
formation [59,60']. This method is preferable if chc 
scFv expressed is obtained at high yields of functional 
molecule, but it does not always achieve this result with 
proper folding of periplasmic protein being dependent 
on temperature, growth physiolo,gy, bacterial hose, chc 
presence of chaperonins, and the primary sequence of 
che expressed protein [59.60*,61]. An alternative strategy 
involves \n t>iiro refolding of protein obtained cither from 
intracellular inclusion bodies formed in che cytoplasm 
or from extracellular inclusion bodies formed in the 
periplasmic space [59.62*]. Solubilization and refolding 
procedures arc then required to obtain functional pfocein. 
and chc success of these manipulations varies depending 
on chc particular Ab deriv3i:ive: some scFv molecules may 
require very simple refolding procedures from inclusion 
bodies to recover a high yield of functional produce 
whereas others require more complicated manipulations 
with low recoveries. A third strategy, which may involve 
either intracellular or extracellular localization, creates 
gene fusions of Ab frar^ments with bacterial or phage 
proteins in order to increase expression and stability 
|12»,63*], and subsequent cleavage of chc carrier portion 
may be required for che scFv to be useful. A variety 
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|;f different vector systems nnci .ccrctorv signal peptides 

yr om E. and ns phage 1I2-.63-I. Agnin, rhc success 
ot these method, depends to u gre.c extent on the 
pame^lar Ab fragment being expressed, h should be 
noted ch3t for Ab fragments produced from phage display 
. rnb.nato,..! libraries the .deet.on process eliminates 
those fragments wh.ch do not express or fold properlv 
I" £■ CO ,, thereby improving the likelihood of sueec.sful 
bacterial expression. "^'^cssilu 

Ab fusion proteins have .Iso been expressed in functional 
.oim from .nsect ceils such as Dry>s.pM^ SZ and Sj,<,^op,^. 
ctJ^ using baculovrus- expression systems [64-66] In one 
^et 01 scud.es. buculovirus nnd myeloma expression of an 
ant, tumor smgic chain Ab, CC4"), and ics IL-2 fusion 
prot=,n, were compared f65]. The binding properties 
3nd funet.onal activity of the mammalian ,nd baeulovira] 
denved prote,ns were Identical. Both types of molecules 
vv.rc AT.glycosylated and resist.r.t to Endonuclcase H 
dwjescon yet no studies were performed to determme 

^- -fer J ^'^/'''"fy'^"""" P^"=^"^ «f ^hesc fusion proteins 
d.lfcrcd sufficently to alter the.r immunogenicity ^.i.,. 
Ccmpared w.th myeloma cell., the insect cells produced 

t uVr ■'^^^'^ °^ -""g'- <=hom Ab and 

Its IL-Z fusion protein rcspecc.vcly. indicating that if Im- 
munogcnicty and biodistnbution/half-lifc arc unaffected 
baculov.rus expression may be a viable alternative for the 
production of therapeutic Abs. 



intracellular compartment of the desired cell has h 
achieved by removing the Ab leader sequence fusfn. rh' 
scFv to specific loealiz.Kion sequences In.?. ^ 
rusion inco an expression veetorTc:; ibni^^rtl'" 

c^; e;Te^isrA".^"/o'^"^,f -o.bi„3nttt;r 
4 interfirV:i;l:^L":-rr^^^^^^ 

s:::-,^ ™- %v:-r^^ - ---^ 

«-xprcssion of an endoplasmic rcdculum /PD\ . . 
..on of ,Hc scFv downrcgulaccd che cell .urfacc cvprcssi n" 

and transmembrane domains of a cell surf,, 
molecule^ The cell surface Terms of cUs^pecifirs^p: 
expressed on several different cell types wcrVr^L f 
function US artificial l.gands for the CD28 T ce) sul " 
receptor, inducing costimuUtion of CDZ8-po L Jve T "eX 



Anochcir cxcitme development utilizes plant expression 
lor recovermg intact, complex Ab moiccuies (67- 68 69'] 
One nov.1 use of transgenic tobacco plants has pe'rm'itred 
the recovery of stably assembled secretory Abs composed 
01 IgA aimers and secretory component, a result difficult 

n > aT! T'' systems (67") 

Oral Ab delivery through foods such as edible transgenic 
plants might eliminate the need for purification and 

e-^Sl'TT""? ^° gastrointestinal tract 

16. .68). Such molecules could be extremely useful for 
other therapies involving topical mucosal administration 
One potential drawback to plant produced Ab derivatives 
IS the ditfcrencc in glycosylation that may alter their 
.mmunogenicity or half-life. iVlorc studies involving the 
systematic examination of several scFv-fusion prowins 
expressed in mammalian, baculoviral. yeast, plant and 
bacterial systems are required to determine the optimal 
expression method for most Ab fusion constructs. 

In addition to the production of soluble secreted molecules 
many recent applications of Ab engineering involve 
specific compartmentai cvpression of scFv fusion proteins 
wth.n a rarget cell. Transfcccion of cells for incra- 
ceiluiar target.ng of scFv fragments can be achieved 
by various techniques (9-.41-J, but for eventual ^cne 
therapy applications of such targeted scPv fusions viral 

To-Tr.Ti'!' "1"^"'''" ™ the ">ost promising 

19 , 15,..3.,o6-,40.]. Targeting Abs to the cytosol or another 



Strategies for retJuctng Immunogenicity 

Many useful ant.human Ab specificities have be^ isolated 
from mouse hybridomas and are therefore immn!. 
humans. To be able to utili.e c^.tZZ^r^^^^^^^^ 
hetapeutic agents they must be redesigned o eTue 
their immunogcmcity and thereby reduce the h . ^ 
anti-mouse (HA.MA) ir^mu.e response CWrtdon" 
hurna^,, CDR grafting, and veneering a Hrmeth 
ods which attempt to decrease immunogenicity wh |e 
maintaining rhe binding specificity . .d a-ffi^ 
nal Ab. Ch,meriz.t.on fu.scs unmodified variable domains 
^o the constant regions of the light and heavy chains 
of a humar, antibody, usually ,c and IgGl respeetivejT 
Humanixation involves not only the fusion of the (u 
murine) variable domains to human constant region 
I^o the alteration of selected murine v,riablf doma n 
framework residues to more closely mar.h 
related available human variable t'empLrseq e ^c' CDR 
grafting involves the substitution of aonl.an CDR 
domains from an antibody into the most closely related 
human anobody sequence ava.lable. so that only rhc CDR 
doma,„3 are non-human in origin. Veneering involves 
changing only e.vposed residues so that they reflcc" the 
human consensus sequences, while . those residues which 
are buried are left unmodified. For' reviews of these 
approaches, the reader is referred to two publicaaons (73 74) 

With the improved techniques for molecular modeling and 
Che u,c of human frameworks which are the most homol 
ogous to the murine V .egion of interest, these sttatcrcs 
may often preserve the binding affinicy of the or gS 

^yZyy] M.^; f h'"'^'"' ---ogenieicy significJitry 
'-^77], Many of chcse approaches, however have br:rn 

aboruius. only to result in reduced antigen-binding affin, ty 
78,79J. and have failed to provide a ..pid, reliable mcthS 

for the generation of human Abs for immunotherapy A 
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recent report by Rosok er al. (30») uses combinatorial 
library I'tr.iccgics for rapid ar^d selective humanizauon of 
murine Ahs nnd for the isoliicion of clone:* with opn'mal 
sj>ccificicic5 from large pools of mutants, so suggescing thac 
iccracivc njcchods for humaniiation can be scrcarrdincd and 
refined. 

Mechods arc being developed for the generation, selection, 
ijnd isolation of human A.bs to obviate the need for Ab 
humanizadon. The hurnan humoral imnnune system is ca- 
pable of generating huge numbers of diverse Ab-cncoding 
genes, expressing these gene products on die surface of B 
iymphocyrcs, and mediating the ancigcn-drivcn .^election 
of high-afnnicy Abs leading to Ab afnniry macuracion. 
-AJ though i; has proven difficult co .generate bumun Abs by 
cradiciona! hybridoma technology because of the difficulty 
in obtaining 5t;*blc human hybridomas expressing high 
levels of these Abs, new dcvclopmcncs in phage display of 
human Ab repertoires may permit the isolaition of human 
Ab fragments Wichouc die problems associated with ciieir 
murine counterparts (n,Sl.Se], The problems include 
noc jusc immunogcnicicy bur also attempting co preserve 
rhe stability snd high avidity binding in a molecule not 
supported by the native Ab structure but selected within 
chat concc;tt. These new uppro;ichcs select for the desired 
properties within the context of the scFv and phage 
displayed rnaccrial. so that the molecules are preselected 
and optimized for this mode of expression. 

Phage dispiay of Ab combinacoriai libraries not only 
creates the direct physical linkage between genotype 
and phcnocype that exists for B lymphocytes, but can 
also mimic: //; £.';>/.r many of the in usuo processes 
which result in the production of high-affinity Abs. 
Gcnc rtpcrcoircs encoding Ab subunits can be created 
by the use of PGR and recombinant techniques to 
produce the fusion c;)S5cctes necessary for Ab subunit gene 
cxprcs,sion. Muman Ab libraries have been constructed 
using prcimniunizcd donors as the source of V region 
sequencer, it2*.U]. and also using a defined subset 
of human gcrmlinc V regions with cither designed or 
randomized peptides inserted into one or more of the 
CDR regions (14.83], buc usually in CDR3 [54]. These 
libraries can be expanded in complexity by the use of 
the phage PI CrcloxP sitc-spccinc rccombinase system 
developed by Griffiths et at, [llj which exchanges light 
and heavy Cham p^frtncrs by rccombinaition in vivo, 
Crc-mcdiaccd recombination between plasmid-bornc 
and pha.^c-borne (V| _-t dummy V^) domains creates a 
^'L-^'h libnuy of inserts with 6.5 x 10'-^ unique members, a 
level of diversity comparable to chat of the /// vfvo human 
imniune re])ertoife. A similar 9ppro;tch co generate highly 
diverse combinacoriai libraries u.sing the Xint sire-specific 
recombination sysccm for co integrate formation ha? been 
developed by Geoffrey ^/ (S5j. The purpose of both che 
Crc and 'Knw. systems is to achieve chain shuffling using 
Sire specific recombination mediated by a phage encoded 
recymbinv<v,t: without having co perform sequential library 



constructions, and so long as the cointcgracc formji 
remain relatively stable, rhe two sviccms shouid be 
interchangeable. 

Ab derivatives with the desired antigen specificities may 
be selected from phage display Jibrarics by adhesion 
to purified immobilized antigens [11,86] or by selective 
binciing straccgics using unpurificd cell-bound antigen 
|16**]. Clever techniques have been developed that couple 
antigen binding with phage infcctivity and replication, 
mimicking the antigen driven selection and stimul-acion 
of B cells (15J. Nevertheless, artificial affinity macuracion 
of phage display Ab repertoires has been achieved using 
error prone PCR, chain shuffling [87]. random or directed 
mutagenesis of CDR regions [38-91], and sequential 
cycling of repertoires through a bacterial mutator strain 
until the desired affinity is reached [92]. There have been 
reports of achieving che nanomolar to picomolar range 
affinities desirable for therapeutic use by utilizing some 
of these techniques (11,14,93]. 

In addition to isolating high-affinity human Ab fragments 
largeced against foreign antigens, phage display systems 
can be used to isolate human anciself Abs with useful 
binding specificities (82,93]. Phage-displayed Ab frag- 
ments specific for human cell surface receptors have been 
selected by competitive elucion with a receptor-specific 
mAb [94], Recently. Dc Kruif ^/ developed a 
strategy using flow cvtomecry for the direct selection of 
parttcolar specificities for human anugens expressed un 
che surface of subpopulacions of ceils present in a het- 
erogeneous rniAturc, This report is che first demonstration 
of a selective approach based on binding to unpurificd 
antigen in a complex mixture of cells, a remarkably 
powerful extension of this type of ccchnology. Artificial 
affinity maturation may not reproduce the mammalian 
affinity maturation mechanisms chat could be important 
in eliminiuing Ab cross-rcactivicy with other self antigens 
in vivo or that regulate che structural properties of Abs 
to prevent immunogenicicy. ]n a study which may relate 
to normaJ affinity maturation, Ohiin and Borrabacck [95] 
analysed repertoires derived from phage display and 
human /// vi-vo Abs and found that the two repertoires 
differed in V|.i and Jh segment usage and in heavy 
chain CDR3 length, indicating chat che phage display 
derived Abs represent a more random selection of the Ab 
repertoire than that o.btaincd from in vivo human, immune 
responses. Although these issues need to be explored 
further, the rapidity and efficiency with which phage 
display Abs Can be generated and selected is unmatched 
by other techniques currently available. 

Another novel approach co the production of completely 
humnn mAbs is the creation of transgenic mice defective 
in che production of mouic Abs (96) and engineered to 
produce a lyrgc repertoire of human Abs [97-101,102-], 
Gene targeting technology has been used co delete 
^/;f-accing sequences important for gene rearrangement 
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and expression in embryonic stem (ES) cells, Lhcreby 
sliminsitiny mouse Ab production (96,103,104] Yeast 
ort.ncal chromosomes (YACs) were chcn constructed 
containing large fragments of the human heavy and 
light Cham Ig loci, ond introduced into the ES cells 
^'^''fJl"": YACcontaining yeast spheroplasts 
(96.10^-10^). An alternative method used to encincer 
Ab production involves the use of human Ig minigencs 
^^'hich fuse noncontiguous genomic segments of V and 
constant (C) regions from the human Ig loci. The fused 
genomic segments are then transferred by microinjection 
into mouse pronuclei (98-100,104,1063. Both of these 
approaches have successfully generated transgenic mice 
expressing Soman Igs, demonstrating chat the human 
genes can be properly rearranged and expressed, can 
undergo somatic mutation, and can engage in isotype 
sv..,tchir,g in the mouse (96,98,104). These animals 
howevc,, bck complete B-cell reconstitution, possessing 
lower levels of mature B cells in lymphoid organs and 
a partial block in the pro^ to prc-B-ccll tran..iition in the 
bone marrow [96,98,104]. In addition, the pattern of VDJ 
rccombmations (observed for tl)e minigenc approach is 
characcenstic of human fetal U rcari^ngcments 197 107) 
while that for the YAC approach more closely reflect^ 

Toir^'i-v''^"'' ^ P""='"^ rearrangement 

1^6 . lhe,« partial phenorypes might be corrected by 
replacement of the mouse Ab sequences by larger and 
more complete repertoires from the human Ig loci. 



Like all mice, the transgenic mice lack tolerance to human 
protein antigcn.s. except those encoded by the transgenic 
human I g loci; High^affinity Hurrian inii-Kuman Abs can 
tne^cfort: be isolated from transgenic mice after immuniza- 
tion With human aniigen.<: [98.104). Hybridoma cell lines 
can then be derived from fusions of mouse myeloma celK 
with spl.inocyees from the immunized tran.sgenic mice 
[98. 104]. By generating high-affinity human mAbs directed 
agajnsc human antigens, transgenic mice and phage display 
of human Ab repertoires may eventually climTnate the 
need for humanization techniques. 

One other recent report 1108"] describes the use of 
/" iJterc immunization of naive human B cells using 
antigen specific T helper cells. CD40 ligation, and antigcri! 
Secondary rounds of in vitrv immunization with these 

. reagents generated high-affinity human Abs which had 
undergone isotype switching. The Ig cDNA from these 
cells was cloned, amplified by PGR, and in.^erred into 
phage display libraries that link replication and recognition 
functions, thereby preferentially amplifying higher affinity 
clones. Many other groups have attempted to achieve 
such high-affinity Ab production in vitro with little 
success beyond producint; low-affiniry Abs. usually IgM, 
which have not undergone switching. If chc described 
in -uitTv immunization approach proves to be reliable 
and reproducible, it may also provide a future source of 

high-jffiriiry human Ab genes. 



Bispedfic gene fusions 

Bispecific molecules possess two unique functions or bind- 
ing specificities within a single molecule and have tremcn 
dous potential for application.,, including immunoassays 
immunohistochemistry. cell targeting, immunomodulation' 
targeted delivery of cytokines or effector functions, and 
tumor therapy In general, bispecific molecules that 
include at least one Ab domain arc produced cither by 
recombinant techniques involving direct gene fusions of 
the two protein domains or by engineering sequences 
tor self-assembly onto individual gene cassettes. ScFv 
mdccules can also be fused at cither the amino- or 
carboxy-termmal ends, permitting functional joining with 
cxtracelluiar domains of membrane receptors, toxins 
intracellular localization sequences, or other scFvs 



Recombinant immunoroxins arc chimeric proteins which 
fuse an scFv or Fab to a truncated plant or bacterial 
toxin domain, and have provided an alternative to 

l',^^'"'^?"^"^'''^' 3?='^" tumor therapy 

1^1.221, Ihesc fusion proteins show more effective 
tumor penctrtjtion and more rapid clearance from chc 
circulation than the chemical conjugate immunoroxins 
due ro their small size 120-22). The toxin portion and 
possibly the scFv portion of the scFv immunotoxins may 
be immunogenic, however, limiting the clinical utility 
of immunotosin bispecific fusion proteins for chronic or 
long-term therapies. As an alternative, to address the 
problem of toxin immiinogenicity, genetic immunoroxins 
fuse rhc Ab domain to a DNA-binding protein bound 
CO an expression pjasjnid containing .tbc-toxm -expression - 
cassette [109-.nO]. For cx.mple. the positive charges of 
human protamine, a DNA-binding protein, can strongly 
interact with the negative charges of DNA, generating a 
neutral, .stable, much less immunogenic fusion partner for 
the Ab than the toxin protein. After internalization of the 
Ab-plasmid complex by receptor-mediated cndocytosis, 
expression of the toxin results in cell killing. More 
selective expression of the toxin can be achieved by 
placing the expression cassette under the control of 
inducible or cell-specific promoters. This overcomes the 
problem of incomplete specificity caused by the Ab 
domain binding to cells, other than those of specific 
interest, expressing the target antigen. Such an approach 
mi.9ht prove to be particularly powerful at maximizing 
tumor specific killing while minimizing toxic side effects 
and immune reactivity generated against the therapeutic 
agcnr. 

Bispecific Abs have been produced by three principal 
techniques: chemical conjugation of tM'o Ab molecules 
128,111), fusion of t%vo different hybridoma cell lines to 
create hybrid hybridomas [26,30, 1 1 2, 1 13), and genetic ma- 
nipulation of recombinant molecules [24.25,27,31-33 35] 
Production by chc first two approaches ' generates a 
heterogeneous mixture of different products, requiring 
labor intensive methods to purify the bispecific form. Rc- 
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placement of rhcsc traditional mcchodb wJch recombinant 
approaches to derive bispccific molecules has accelerated 
progress in this drca. One recent report (1 14J of 'knobs into 
hoics' describes cnginccrint; sequence changes into the 
C^3 domains ot heavy chains so that formation of bivalent 
homodimcrs (Abl-Abl; Ab2-Ab2) is ]c$s favored than 
hetcrodiaitifization between Abl-knob Ci.i3 Ab2-holc 
Ch^- Within chc past two years, there have been numerous 
reports characterizing bispccific Ab derivatives irr vitro 
and in vivo [24-35]. Ench of these reports uses unique 
combinaticns of Ab dcfivacive structure and expression 
c;y:>tcms to achieve production of functional, bispccific 
Abi>. Most of these moiccuJcs arc designed to retarget 
cytotoxicir,' or immune recognition functions to tumor 
cells, although a few reports have involved the generation 
of molecules for use in immunoassays or ijn:tging. Some 
bispeci^c Abs arc generated by constructing single chain 
molecules, composed of Jinked variable chnin domains 
with differing sped to tics, fused to human Fc domaii\5 
[24,33.35], Figure 2 shows a moJccuIar model of an 
aCD3— aLopvIg bispcclfic fusion protein which our group 
has generated [24] using this approach. This molecule 
mediates strong T cell activation and cytotoxic responses 
against L6-cxpressing tumors in vitro. Despite their size, 
which is larger than a bare scFv or a diabody type structure, 
chesc molecule forms possess the longer serum half-life 
preferred for stimulating strong anti tumor responses in 

.Aj^other approach to generating bispccific Ab fragments 
uciliiscs the diabody mechud developed by Holligcr <r/ a/. 
(5]. Briefly, the diabody method constructs scFv chains 
with short linkers, which, prevents incrachaiin pairing-buc 
allows Interchain pairing to form bivalent fragments. 
If the scFvs contain Vj^ and for two different 

antigen targets, then assembly with the reciprocal scFv 
pair can generate bispccific Ab fragments. McGuinness 
aL (115"] have recently developed a phage display 
diabody approach to generating and screening bispccific 
Ab scFvs. Zero linker diabody libraries were constructed 
with the following configuration in the phagcmid vec- 
tor pCANTAB6: rbs-lcaderl-VHA-Vi^B-S^rOP-rbs-lcaderZ- 
V|^B-VLA-HLs6K'myc-amber-fdgene3. The constituents of 
the vector all play important functions. The ribosomc 
binding sif'i (fbs), a short sequence of bases preceding 
chc actual coding region, is import^inf for achieveing good 
translation of transcribed messages in bacteria. The leader 
peptide sequences are important for the export of the 
nascent proceins from the cell. The H\s^ cng is present for 
protein purification using gentle affinity chromatography, 
and the myc tag is present to provide a domain distinct 
from chc scFv regions detectable by antibody probes. 
The amber codon provides a method for manipulating 
attachment of the gene 3 protein co the carboxy terminus 
of the diabttdy. In a suppressor strain of bacteria the gene 
3 protein vvjji be attached, while in a nonsuppressor strain 
the reading frame will stop at the amber codon thereby 
eliminating chc gene 3 tail from the protein. 



Figure 2 




Model of a~bi8pecific scFv compo3ad-af rtiG-Gl 9-4-(anti-human' CDS ' 
□r aCD3) and L6 (anii-human L6 or aU6) V regions. The CDRs of 
the Q19-4 scFv (V^^ plus Vh) are ahown in pMjrpte, and the CDRs of 
L6 acFv {\ plua ^/^) are shown fn red. The helical linker b©tw6<>n 
the scFv* is shown in blu*-greon while the 'flexib!© (Glya Ser)a linicer 
ia shown in very pale green (in Ihe boaom part of the figure) for the 
G19-4 scFv and in greon for the L6 scFv. 



If Ab selection is required, diabodies can be displayed 
on phage and selected on antigen; alternatively, soluble 
diabody moIecuJes can be produced using nonsuppressor 
bacteria. Although chc diabody jjpproach appears promis- 
ing with previously cloned scFv molecules,, construction 
of diabody libraries from large Ab repertoires requires 
many cloning seeps, the selection methods may prove 
problematic, and chc library stability in bacteria has not yet 
been adequately tested to determine how useful a system 
this will be for construction and selection of optimal 
bispccific scFvs. 

An alternative strategy utihV^es leucine zipper motifs to 
induce self-assembly of bispccific minlAbs [1 1^1 18, 11 9*]- 
A recent report by de Kruif and Logtcnbcrg [II9^] 
describes the fusion of Fos or Jun leucine zippers 
and a truncated mou.<ie IgG3 upper hinge region to 
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scFv proteins. Two cysteine residues were engineered 
into Che zipper domains to produce disulfide-stabilizcd 
homod.nr)crs. Utilizing .scFvs isolated from a phage display 
library and these modified :4ippcr cassettes, dc Kn.if and 
Logtcnbcrg produced functior^a/ stable secreted homod- 
imcrs in E. col,, in v;lro reduction, mixing, and reoxidation 
Of Che Fos and Jun scF v .Abs resulted in the production of 
functional bispccific (scFv)2 molccults. The authors failed 
CO «ddicss, however, methods for the efficient, rapid and 
quantitat.vc purification of hcterodimers and the removal 
of conca.ninaLin? homodimers, an ioiportant step in 
making this strategy more generally useful. Rhcinnccker 
a/. [120] utilized a similar approach to create scFv dimcrs 
or ol.g„mers by fusion of an artificial helix-curn-helix 
aimcrization domain or the cccramcrization domain of pS3 
respccDvcly to a long IgG3-likc hingc-scFv construct. In 
the fuci.rc, novel bispecific molecular forms wiJI continue 
to be generated by applying domain shufflirig approaches 
such as those described here. 



Small antigen-binding fragments 

Rapid developments have occurred in the past fuw years 
>n the .irea of peptide mimetics. or small antigen-binding 
fragments chat mimic the antigen specific binding activit^ 
of an ,\b or natural ligand. Again, this progress is 
due in large part to the application of new techniques 
such as BlAcorc® analysis of binding kinetics. BlAcorc® 
refers to real-time bimolccular interaction analysis (BIA) 
This m,:chod utilizes cl^e optical phenomenon of sur- 
face plaiTOon resonance to monitor interactions between 
l>.omolo:ules on a sensor stirfacc (12i:,r22]. DcK^i^ 
rchcs on changes in refractive index close to the surface 
whcih c.ccur as analytc from solution binds to the 
iRimobli^cd binding partner, the ligand. Measurements 
are mad.; m real dmc so rJiat both kinetic and affinity 
data can be extracted from the same experimental runs. 
Other now techniques include combinatorial chemistry 
libraries phage di.splay libmrics of peptides or protein 
subdomains. computer aided modeling of peptide and 
protein scructurcs. and improvements in structure determi- 
nations vsing X-ray crystallography and nuclear magnetic 
resonance (NMR). Chemically synchesiwd and biologi- 
ct^lly gcniraced peptide libraries have been used to isolate 
peptide ligands for several jcccptors and Abs [123.124], 
introduction of the appropriate conformacionil constrafnts 
into the :mtigcn binding fragments cnn facilitate binding 
interactions due to decreases in the loss of conformational 
entropy associated with antigen binding (1 25). In the case 
of Ab mimetics. the canonical structure can be predicted 
by sequence analysis and computer modeling and the 
appropriate target conformation locked by ^.he introduction 
of chemical constraints on the peptide (126). For example 
Lev, at. [126] con.'ttructed six peptides composed of 
Che CORs from an anti-HIV-1 Ab and determined their 
activity ai^ainst the viral envelope protein. CDRh3 was the 
most cffc.;tivc in preventing syncytia formation In infected 
cells, and cyclization of this peptide resulted in improved 



inhibition of both syncytia formation and binding of the 
parent Ab us compared to the linear form. 

Until recently, all of the small antigen-binding fragments 
isolated functioned as antagonists, disrupting the normal 
binding interactions of the target antigen or Ab. In one of 
the more elegant applications of these new ccchnologie. 
sman peptide mimetics of the hormone erythropoietin 
(tl U) were isolated using a soluble form of the EPO 
receptor (EpoR) to screen random DNA sequence phage 
display hbrancs encoding eight-rcsidue peptides as fusions 
to the bacteriophage fd coat protein pVlII [177..] -phe 
peptide-encoding se<,ucnccs were flanked by codons 
encoding cysteine residues in order to create constrained 
jncramolecular disulfide-bonded cyclic peptides from these 
libraries. Once the binders to d,e EpoR were isolated 
from the initial library, .phagemid display mutagenesis was 
performed using the bacteriophage M13 coat protein pl]l 
as the display vehicle, and further random residues were 
added to the original octamer peptides in order to recover 
h.gh-affinicy b-ndcrs. These high-affinlty binders were 
selected by the use of EPO as a competitor for bindir^g 
w the EpoR under conditions r.f increasins stringency. 
1 nese higher affinity peptides were not homologous to the 
primary .sequence for EPO, yet were capable of binding 
to and activating the EpoR. This is one of the first 
demonstrations of success in isolating agonist forms of 
peptide mimetics. 



ween Conclusions 

Recent advances in several areas of fe.scarch have facili- 
wtcd the rapid progress in Ab engineering. Advancements 
m the understanding of Ab structure and antlgcn-Ab 
interactions have been made throush assembly of large 
sequence databases, computer modeling, structural anal- 
ysis mcludmg X-ray crystallography, N.MR, site-directed 
mutagenesis, and surface plasmon resonance analysis of 
anirgen-Ab binding kinetics. Increasingly, recombinant 
techniques for cloning and manipulating Ab derivatives are 
leading to the development of rapid, reliable methods for 
generating the desired Ab molecules. Continual progrc<i^ 
IS also bemg made in developing large-scale expression 
systems for synthesizing Abs and their derivatives with 
the go;,l of maximizing cell density, culture longevity and 
secretion productivity, while minimizing the nurtibcr of ■ 
downstream purific-ation steps and other manipulations 
Similar progress has also been made in developing 
expression systems designed for the rapfd screening of 
new Ab molecules or the ectopic expression of Ab stibunits 
in intracellular compartments. Selective approaches which 
permit the isolation of desired specificities from huge 
combmatorial libraries using advances in phafic display 
technology h^ivc revolutionized the field of Ab engineer- 
ing and the development of peptide mimetics. Future 
developments in .Ab engineering may eventually result 
in fulfillment of the tremendous potential of Abs for 
chcrapeuric and diagnostic applications. 
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Jtract. Cell adhesion molecules (CAMs) are impor- 
lant mediators of cell-cell interactions and regulate cell 
fate determination by influencing growths differentia- 
>tion, and organizatioQ within tissues. The hunnan pan- 
carcinoma antigen KSA is a glycoprotein of 40 kD orig- 
inally identified as a marker of rapidly proliferating 
tumors of epithehal origin. Interesiingly, most aormai 
epithelia a bo express this antigen, although at lower 
levels, suggesting that a dynamic regulation of KSA 
may occur dunng cell growth and differentiation. Re- 
cently, evidence has been provided that this glycopro- 
tein may funcnon as an epithelial cell adhesion niole- 
cuie (Ep-CAiVf). Here, we report that Ep-CAM. 
e?;hibiis the features of a morphoregulatory molecule 
involved in the development of human pancreatic islets. 
We demonstrate that Ep-CAM expression is targeted 
ro the lateral domain of epithelial cells of the human fe- 
ral pancreas, and that it ojediates calciui7x-in dependent 
'•^Il-ceii adhesion. Quantitative confocal itmnunofluo- 



INDUCTiON and mainicnance of tissue differentiation 
during development depends on the coordinated spa- 
ciotemponU expression of specialized molecules that 
regulate cell-to-cdl and celNto-matrix interactions (Ek- 
blom et al., U)86; Edelman, 1991, 1992; Takeichi. 199L 
1995; Trclstad, 1984). Smcc the pioneering work of Holt- 
Txctcr (1939) and Moscona (l952)/who first recognized the 
existence of cell type-specific adhesive properties in multi- 
cellular orgeinisms, the functional portrait of cell adhesion 



rescence in fetal pancreata identified the highest levels 
of Ep-CAM expression in developing islct-llke eel! 
clusters budding from the ductal epitheliuni, a cell com- 
partment thought to comprise endocrine progenitors, A 
surprisingly reversed pattern was observed in the hu- 
man adult pancreas, displaying low levels of Ep-CAM 
in islet cells and high levels in ducts. We further demon- 
strate chat culture conditions promoting epithelial ceil 
growth induce upregulation of Ep-CAM, whereas en- 
docrine differentiation of feiai pancreatic epithelial 
cells, transplanted in nude mice, is associated with a 
downregulation of Ep-CAM expression. In addition > a 
blockade of Ep-CAM funaion by KSl/4 mAb iiiduced 
insulin and glucagon gene transcription and translation 
in fetal pancreatic cell clusters. These results indicate 
that developmentaJly regulated expression and func- 
tion of Ep-CAM play a mojphoregulatory role in pan- 
creatic islet ontogeny. 



molecules (CAMs)* has evolved from that of simple 
"■binding molecules" to thii modern concept of ^'morpho- 
reguiatory molecules." In fact» iheir coordinated acUon 
appears to be involved in the regulation of cell growth, dif- 
ferentiation, adhesion, migration^ and three-dimensional 
0fgani2ation within tissues during morphogenesis (Crossin 
et al.» 1985; Ekblom ot a)., 1986; Edelman et al., 1 991; Edel- 
man, 1992; Takeichi, 1991. 1995). 
An exquisite example of timely regulated morphogeue- 
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SIS IS provided by the cell gromh, differejidation. and or- 
ganization of pancreatic islers of Laagcrhans, representing 
the en<locnne companment of mammalian pancreas (Lan- 
gerhans, 1S69; Orci and Unger, 1975; Orci, 1982). It is cur- 
renrly thought that islet ceils originate from undifferenti- 
ated pi-ogenitors resideor within the ductal epithelium of 
the fet:d pancreas (Pictet and Rutter, 1972; Teifclman and 
Lee, mi: AJpcrt ct al., 1988; H>=rrcra et al.. .1991; Gu and 
Sarvetiiick, 1993). This process involves ceil budding, 
growth, migration into the surrounding mesenchyme and 
differentiation into the highly organized i.clct dasteiN (Pic- 
tet et Al^ 1972; tor review sec Slack. 1995). Evidence has 
becrt pj ovidcd for a role o/: adhesion molecules of the cad- 
nenn family in the morphogenesis of the pancreas miicrv 
et al., 1982, 1984; Edehnan et al,, 1983; Hatta and Takei- 
chi, t9fi6; Nose and Takeichi, 1986; Levi ct al., 1991; Sj5din 
et ah, 1995), and in the development of islet clusicn; (Dahl 
et aj., T'-)96). Similarly, adhesion molecules of the immuno- 
globulin superfamiiy such as neuronal (N)-CAM have 
been found dynamically expressed in the pancreas and in 
other organs of endodcrmaJ origin during development 
(Bdelman ct al., 1983; Rutishauser, 1984; Cros5;in et al 
1985;. In addition, we and others have demonstrated xhe 
invoivement of cadherins and N-CAM in islet cell-ceil ad- 
hesion (Langley et aL, 1989; Begemann et ai., 1990' Rouil- 
Icr et al, 1990, 1991; Bauer er al., 1992; Moller et aL, 1992), 
and the reg:uUtion of isJet ceU types' organization by caJ- 
ciura-jndependent adhesion molecules such as N-CAM 
(Rouiller etal., 1991; Cirulii ct ah, 1994). 

Among the moJecuJes possibly involved in tissue mor- 
phogenesis, the pancarcinoma antigen KSA (filias EGP40. 
17-1 A, lis A, etc.) is panicularly interesting (Varlci et al ' 
1984: Edwards et ai., 19S6; Spuir et al. 1986; BumoJ ct al'' 
i988). This antigen, originally ideniified as an abundantly 
expressed glycoprotein in tumors of epiihejial origin, is 
found ai lower levels in most simple, pseud ostxatified and 
transitional normal epiihelia (N4oIdcnhauer et ai 1987- 
Momburg et aJ.. 1987). Fatal epithdia exhibit stronger im-' 
munorcuctivity for KSA antigen than the adult mature tis-- 
sues (Vsir)d et al., 1984), suggesting a dynamic regulation 
of its expression during; epithelial ontogeny. Recently, 
Litvinov and colleagues provided evidence that EGPdO 
(alias KS' A) exhibits the fean^rcs of a typical celi-c«ll ad- 
hesion molecule when traasfected in murine and human 
tumor cell lines (Litvinov er al., \994a,b). The name of Ep- 
CAM (epithelial cell adhesion, molecule) for this antigen 
was therefore proposed. 

To identify novel morphoregulaxory molecules possibly 
involved In pancreatic islet development, we have investi- 
gated the expression and function of Ep-CAM in the de- 
veloping human pancreas. We demonstrate that Ep-CAM 
expression is targeted to the lateral domain of epithelial 
cells of the human fetal pancreas, and that it mediates cal- 
cium-independent .adhesion. In addition, we show that Ep- 
CAM expression is developmcntaliy reguilated during cell 
growth cind endocrine determination of islet ceils. Based 
on properCies and roles ascribed to classical cell-cell adhe- 
sion molecules in histogenesis and organogenesis (Edel- 
man and Cro.ssin, 1991; Takeichi, 1995). wc propose that 
Ep-CAM represents a novel morpho regulatory molecule 
delivenng specific developmental signals at key stages of 
pancrciitic islet morphogenesis. 



Materials and Methods 
Tissues 



MidgcscMion human feral puncr«ln (HFP) nnHi,,, w 
gcsiation^.! age were obl«iucd ihroogh nor^pvoCi^L.T '^"^ ' 

grams (Advanced Bioscience Resources, OuiJfind rA T'"''""'"' r^- 
Founctaiion, Ln.irel. MD). ivhich also obroincd .-on^rn'r *' 
lica. Siumplcs of hummi aduli pqncrc-^s and pn-K" -J<,r r T 
p«rcd ai The Diabetes R«e.vch InKtiimc (UnivsrsilN nV^l'"' '''^ 
FL) iis prcviou^sly described (Ricordi ci uj. i^aS) ' ' >v ■ u 
wnji .<ippfovc:d by ftppjopriate Insikulional Revicsv 3ni,rds! 

Immunofluorescence, ConfocalMiao^roDv nn^ 
Morphometric Analysis ' ' ^-^'""^ 

Triple immunofluorcscenl labeling for Ep-CAM, insulin nnd , i 
Ep-CAM, Ki-67, and ii^uiin were performed on 8-^!!;" i.ic J ; " 

prepared from snap frozen fcrHl (78-20 wk vf ^m^Z^^'T!' 
paacreaics, Sectioiis were mounlcdon ghas slides dried r " ' 

BLUTc for 1 h, fixed in frcshiy made 4% formaldehyde f rrom n "7 

tempemtuns. ond ihco incubated in 50 .nM glycine In PB$ U," I ^ 
acuvc gruaps generated by formnJd.hyde fixalior. H^l^J^^^J' 
wa« blocked by incubarion of section, in PBS comM.n;!r?% Joj:*" 
ni;n (DS) (Jack^n LmmanoRcscixTch Ubor«toriw Inc" Wr rr 
PA) and 1% BSA £r.aion V (Sig.na Ch^ic.i Co.. Lnul. M M h 
at room tempcf^itm't. Alter extensive wnahcs in PBS-DS (tJ 2'X DS IM - 
BS A, 5 mM glyuneX seciion. were incubated for I 1, bi moni (c',t,pVn,u.K: 

rm» S >i.^/ml: The Binding Site. Birniinghc,m, United Kingdom) r^.hhii 
anuguc.gon polyclor.1 Antiserum (3:200 dilution: Ch.nln. L:;n!;;. 
nonal, Inc, TcmccuJa. OA) or mbbii nnii-FCi-(S7 ;»f(ijiiiy- purified \viU 
j*S/mJ; D.Ico Corp.. CArpinieria. CA) la separate «clinn.s. a n^Murc .[i 
nonaai sneep. rabbil, aiid mouse IgGa was used conlrvW rcfcrcihiv f,., 
specificity of prnr^ry Ainibodics. After aftv«rf»l washes in PBi-OS s..-. 
U0n5 were incubflted for I b ;u rooin temperature xvtih is cvckUiil .-f 
r(ab )3 fractioag from secondary imiiKodiM (Jackson ImiiuiuoRc;*.;:irv-h 
Uiboffttoncs, Inc.): lissamii^e i'hod»mme-<;onjugflCcd vimniiv-inirifk-d 
donkey ami-sheep IgGs (5 ^ig/ml) (preadsofbed on chickci>. uuineo jiK' 
hamster, hor**, human, mouse, rabbit, and rat ^t-rum proti:in5):>n'C*-i-»N- 
lugatcd Dffiniiy-pynftcd donkey ont^rabbii IgGs (5 tu^mt) Ip. chdsnrivvl 
on bovine, chicken, gORt, guinea pig, biimKlcx. horse, )uim:.n. nuui«*.-. n.i. 
imd sheep amm protcinw); indodfcarbocydnine (Cy5)-conju>ii»nid aifi.wiv - 
punned donkey anti-mouse IgGs {3 ii^mi) (praflcfaoibod on bovine, 
iihickcn. goat. guinea pig, hataarcr, hoi-se, humun. rybbil. r:iL tind sheep 
mm prnidjnft). After six washes at 5 min each with PnS-DS. section:* «crc, 
muunlcd in alow fiwJfe awttlium (Molecular Probes. Inc.. Eugene. OR J. nn 
then vicwad on u microscope (niodcl Aidovert 35 M; du'l Zuiss, J-k-. 
Thornwood, NY) equipped with a laser scanning coiifycn) lituichnifm 
(model MRC-J 024; Bio-R;id Laboralories, Hcrxiulw. CA). usint. ;i I..' 
^^A objeirtivc Icns. FluortiRcent imugcs relarivc lo eflch m;irkt.-r x^v-iv evil- 
Iccted by using rhc 4afl-, .<)68-. and excit.vic.n lines fro..\ i.n i.re.'n 

krypton iJiixed guK laser. Color composite imugcs were !i«;iiL'r;Uvd ii>ine 
Adobe Photoffhop 4.0 (Adobe Syaictna Inc., Mounloin View. C A) mnntnjr 
on a computer (mudci SupcrMac S9i0/250; UM.^X Conipuicr Corp.. f-iv- 
mont, CA), and then printed v^ith a Fujix Picirognphv ."'(Jno L-.iitiT pritUv'T 
(Fuji Photo Filo. tl-S-A., luc. mrasford. NY). 

Microscopic fields acquired from fetal {n = 50) .•\juf iidiih (n = 7 ■ ) piin- 
creatic scctionn immunostjiincd for Hp-CAM', insulin- iind Jui-iigtui w^-»v 
finalyicd for pixel inienaity of Ep-CAM-Kpccitic Jmrnuiioi'^iiciiviiy iisiiii: 
Natioafll Instiictcs of HeaHh (NIH) Image software iau-thc>d:i. Nil5i- 
Kxcl's intensity uniw (0-25S) were recorded frojTi n rcliiJ of 251) Jot«:iin^ 
of csU-ccll contact foe cioh cdl typ« (dtctnl. endocrine. . plU'clinl uiiJii- 
fertntin(ed, and exocrine) in borh fatal und ?idu|T pancrrj.iiii' v;p::i:ipK-n>. 

immunoelectron Microscopy 

IIFP cetJs cultured as monolaytr;; (Benttic tii uJ., 1 .996} vv^v..' Hxcd iih J' '- 
formrtldchyUc in PBS for 30 min, washed in PBS. ant.! Thou |KTnic;ihiit/L-J 
with a soluiiun contEiiniog 0. l^^TiSron X-100 .'ind2% uornml yotii sofUf" 
in PBS for 20 inin. Ceils were incubnlud with piimarv tiniibOvMi:^ i^^^ •* 
mAb Of antl-Ei:;idaC5 polyclonn! antibody [Fannon ct ni,. J*^**-^!) ' 
wrifihed in buffer, aud ihtin liicubalud with f>iciinv)i\tod ^iO-.u ;imi-fiiu»i>*-' 
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',>r linti^ribbi! IgG for 1 h at rc. After wasHr in pr^: .i, . h 
_ 6i=aror, micro^cop,.., (model lOOCX or lOOOPX- JEOL I^td A t , \" ^ , 



Production of Fab ' Fragments 



I ^-f'lf^^^*' o/Met-like Celt Clusters arui 
cell Monolayers 

i HFP ai 18-24 *lt 01 gesution w«e minced in suiMI ci<«:cs m,d ,l,.„ 
: raghcr Mim>il,e,m BiochcmicMs. Indianapolis, IN) for I Ur>in o< af . 

movOJ«y..r^. Vr^dj ihztc culture conditions, «Us fonning 5.e ICCs ad- 

Transplantation Experiments and Glucose 
; tolerance Test 

■ ""t ^""'""^ ^''^"^ '"■'^ under che 

IMncy =ap,uie w>,h 50C. ICCi/n,ou»=, a., previously d«c^d (SWkr " 

■i^Q '"'^ m«scochyn,3l ^80% urdiff^ Ji- 

^sS^"^^ r^i "lis (keuuic ci al.. 19P4), wK„«, ^fto, 12 wl< in vivo 

nc .1 =,1.. ^997). rhcrefcirc. we used i»,is In vivo mode* (o nudv the rl™,. 

>'c.n before uud 30 m,a ,(u. a., k(n.pcri.o„^al i„jecuon of gl„co«: n ' 

^/^^ "^'"S ' human-^eciCe r.dioimmu>.oa/.!,»v, m previously 
J(a.cril>ed^Beatlie c( al.. 1994), pn<:»(oiUiiy 



Control or ,„ri-KSA (fip-CAM) Fab' fra^me„B were .cncraied hv 
conOraedbynowcyioraet^. ' Ep-CAJVl was 

Cell Aggregation and Antibody Perturbation Assay 

m Che presence of a coniral P .h' ^ '^"SB'^Batc eiri)er 

^fffflofAnti-Ep-CAMFab ' on Fetal Pancreatic 
Cell Differentiation 

for DNA and ii.»u|m protetn d«erminaiion* (Otonkoski et al.. 1V93) 



: FIqw Cytomerv 

HFF were rniaccd and .ligcslcd in coUagenasc (3 mc/m! per HBSS- colb 
na..„, wa,., b>„h (150 cycic./a.ia). Cad <.-j„„<^ r«M/Ti„6 fr^ .I^p"o 

^h" n ' , '° ^PP'y'"* PiP-'""g every ^.inui,: 

. s„^sle cea ™.pca.,on resulting from .lus protocol lu. washed ^ 

-II ^ C With e:tni:r :;nti-£p^AM KSI./4 mAh (1 uE/ml) or i,oi^^ 

a/'cAftrrTSl;:^^^^^^^^ 

PAr-^^,.\!T>< , *"""5 "1 HBSS..eSA, sampies were then »nuJy/ed on a 



Immunoblotting 

. « , ""uJlBomu were ewroctod in 20 mM Trit 1 % Tri 
on X.JOO. pH 7.2. for 30 n>in „, 4'C. ln«,l»We maurial v^s o" lilYhJ 
ipinnma iit 10.000 r for 20 mm ik was peiietlcd by 

wiin either K5I/4 mAb (1 us/ml), or an iaotypfc-matched moaK Af- 
VP»"'"<''««<0'-i>'8«««< ?o.l anU-^ouie omibodyT 
^ ' Gauhe^burs. Fl.) f„„owi„g ,..e rnnnuf.curer's 

iWA feo/flfion and Hormone Transcriptional Analysis 

.rob, RNa. proccction ioJ^^v7TJCtmyiT;^^^^^ 
IroL Oiianlituiion. of tend in,e«.iti« wu, I^r"^!^^ ' " ""tS"'^ 
InLj. DiffLrenl exposure i,n,ca were used 10 «„„rc that all ,ign.-Js fell 



;>J Roll oftp-CAM in PuncKaiic UUt (dufphuxme^^ 



Statistics 



Results 

Ep'CAM Expression Highlights the Epithelial 
Compartment of the Developing Human Pancreas 

m.n,"^.^'' of the endocrine compart- 

of ,h ■ diffcremiatioa. grovvth. and expan- 

sioa of the cxocnne acinar tissue is a perinatal event 

all nmmmals studied, these two functionally distinct com" 
pmments are believed to derive from common p' eSi'so™ 
Zt Tn '" epithelium engapng separate^" 

and ^07^; p"" developmental stages (lie 

2f 1987 f ^^^'f'f'^^ ■1583; TcitoimJn S 

Th.^ . ^ "^"^g^-stational age (16-20 wk) the epi- 

ihel.^I compartment of the human pancreas coasts of a 
St"Sjluct.l tree giving rise to r.^ero«s cluSrfof 
OvLs ,hat appear to protrude and invade into the surround 
.ng ^e^cnchymc. To identify the expression patteTof Ep-" 
CAM wKhm the developing human pancrea.. 8-^ cj^o- 
Stat soct,ons from a human fetal pancreas of IS v^re 
,"^1^ ,°nH ? =>'™"ltaneous identification of Ep-CAM- in- 
-<iulm- and glucagon-positive ceUs by triple immunofluores- 



cence A,s shown in Fig. 1. Ep-CAM^specific imm 
Uvity 04. green) highlights ihc epithelial cc^p^'"'^- 
he etaJ pancreas, allowing the identification ofT**^ 
clusters of ccUs budding from the ductal eoitL. > 
;.^) Kl»y of these biding ecu tE^^^^^^^^^ 
f ' '"'^ g^^^io^-POsitive cells (Fig T/t- 
a feature consistent with the current notion that eiS-* 
cells arise from precursoni present within th??^ 

et a.., 2988, Gu and Sarvctnick. 1993). NotaWv R 
«pres.on appears to be restricted roiues of SilSu-. 
tacts m a patten, similar to that observed for cb^A 
hcs.on molecules, suggostiag it. involvement Inl^fr^^. 
Uon of pancreatic epithcUal cell-cel) adhesfon 

To gain insight on the distribution of Ep-CAM to 
cellular domains, cell monolayers prepared frl^- 

aasc method. Sections were cut either through a 
« plane parallel to the ceU monolayel, ^rrough^- 
cal plane perpendicular to the monolaver !r<?V 
nnaged at 300-^00 fc^V usmg an intcr^^eS^JolS: 
tron microscope (JEOL 40t)0EX). A recently d& 

S95^^^^Z6\t^,''"''"^'" (EcadECS) (FannonT 
l^^i) was used as a pos.uve reference for the id* " 

dimen -°'"P»exes. To obtain a 

dimensional v,cw of the regions of cell^cll contac 
reo pair images were obtained by tilting the spc"^^ 
In ' ^'f" shows a set of stereo pairs of Ep-CAM-i''^' 
cells cut through either the horizontal plane (4) or a 
a venical plane (5). As seen in Fig. 2" pane s A, cl: 




J^igure J. Ep-CAM 
sion identifier Ihc tpll^ 
comparimenc of tha 
fetal pancrtsas. Triple!^ 
nofluorescence, fol 
confocal microycoplc 
sis, Wfti performed on-; 
cryo5tat sccUods froint^; 
man fctai pancreas 
to simuUancously . ic 
Ep-CAM-. insulin-, 
cage n-posi live cells.. C^. 
CAM-spcci!lc immu 
tivity that tiighiights ih^ 
cell boundaries of cpi^ 
cells. The strongest 
norcnciivicy for Epr 
detected in cell cliistcj 
dinjtj from the ciuCtS;, 
isfcs). Noiabiy, 
ciusten; cMmiriiing. ff 
ductal cpirheiium 
large iiuTTil-yers ot ^fj 
(B) And insulin-podU 

rcaulns from the colocaJi^Mion of green and red fluorcsc^^^^ so^rifi. f.. ^ r^.-.. ■ spectra Tcimvi^. 

depenocm cxpcnmcnrs u«ng five indcpendcc dono^O^'o ^oS;^tf^ 5"""' respec:iv.iy. Repr^senrnuve <^ J 
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K dense stain is spocificylly localized to regions of cell-cell 
Ipcoritacis, deliriealing the dm of three cells in contact with 
^'/ofie anod-ier Stereovie\ving of these seniithick prepara- 
g^ tioos reveals that staining is discontinuous and concen- 
p trated iii discrete regions of tight cell-cell association. 
P*^ rig. 2, panels B represent a stereo pair image coilected 
1^, from an Ep-CAM-stained sample sectioned perpendicu- 
W larly to the monolayer plan. Viewing t'rom this perspective 
^ facilitates the ideatificaiton of basal, lateri»,l, and apical do- 
|C mains of cells in contact. Notably, most of the electron- 
g; d':;ase staining appears targeted to che Jaicrai domain of 
m iwo ctills in contact {arrow) and locali7xs to Interdigiialed 
]: fiiopodia-like structures contributed to this junction by 
bo Lb cells. Occasionally, some staining localizes to small 
plasma membrane ruffles at the apical pole of the cells. In 
■ contrast, no delectable staining was found on the basa) 
pole of HFP cells, excluding the contribution of Ep-CAM 
' cell interactions with basal membranes. 



The high concentration of electron-dense staining ob- 
served for Ep-CAM is reminiscent of more typical cell ad- 
hesion complexes such as those observed in samples im- 
munostatned for E-cadherin (Fig. 3 /4), a classical epdtheWal 
cell adhesion molecule. Fig. 3, panels B is a stereo pair of a 
sample incubated with mouse IgC2a used as negative con- 
trol for KSl/4 mAb- These data strongly support xhe in- 
volvement of Ep-CAM in che establishment and/or main- 
tenance of epithelial cell-ceil interactions. 

Ep-CAM Mediates Cell^Cell Adhesion of HFP 
Epithelial Cells 

To investigate the involvement of Ep-CAM in pancreatic 
epithelial cell-cell adhesion, wc performed reaggrcgation 
experiments following classical protocols previously used 
for the functional characterization of other ceU adhesion 
molecules, either Ld trans^fccted or embryonic cells (Takei- 





Figure 2. Electron micro- 
scopic identification of Ep- 
CAM a( sites of ccil-ccU 
contact. Cell monoluyers pre- 
pared from HFPs were Ita- 
munolabeled for Ep-CAM 
by indirect peroxidase method, 
sectioned either through the 
horizontal plane (/l) or a ver- 
tical plane perpendicular lo 
che cell monolayer (J3), and 
then imaged 300-400 kcV 
using an intermediate vol!:af;e 
electron microscope (JEOL 
4t)00BX). Stereo pair images 
were obtfiincd by tilting the 
specimens -^5"*. As $een in 
panels A , clccuon-densc stain- 
ing specifically localizes to 
regions of cell-cell contacts, 
depicting the fim of three 
cells coniocting each other. 
PancLi B reproduce a stereo 
pair image collected from an 
Ep-CAM-:;iained i>ampl£ sec- 
tioned through the z axis. 
l"liis view identifies basal 
(left end side), lateral, and 
apical domains (right end 
side) of cells in contact. Most 
of the eleciron-dease staic- 
ing appeiii'A inrj;eted to tbc 
lateral domain of two cells in 
contact (arroyv), and then 
localizes to ijitcfdigitared 
philopodiw-Iike structures 
conu-ibutcd by both cells. 
Bars, 1 vun. 
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c^lU S ' Hoffmari. 1992), or in prixn-n^ pancrearic i.let 
cc s (RouiUer ei aJ., 1990, 1991; CiniJti et al., 1993) After 
S hf7' ^.^ff^o^^Ps^ small clusters of ce/i. tie 

cbum , Sigma CbemtcaJ Co.) to obtain a free ceD suspen- 
sion. Immunostammg for Ep-CAM lollowed by fIo«r cvto 
metnc aiiaiysis demonstrated that >95% of the ccJIs 
obtained w,ii this procedure are epithelial. Thi. ceil su 
p.ns.oK was then used to porform%hort»term (4? niTn; 
reafigregatton experiments at 37^C m the pre encc o 
absence ot caiaum, to discrimin3ie between cku^-depen 

(Speny 1963). Each of these expenmenial condition" 
al.o earned out m the presence o^ absence of antr-Ep"cAM 



^^gure 5. Identification of 
E-cadherix^ ii^ junciioiial 
plexcs of fetal pancreatic epi, 
thclial cells- SajnpJe:? scaioncd 
thxc^ugh a vcrticai piaac and 
prepared aii in Fig, 2 were im- 
muaoIabeJed for E-cadheHn 
with an anf i-E^cadhehn ami- 
semin CEcadEC5) (F;»nnon 
et ixl, 1995) to identify 
ttona! adhesion complexes in 
NFP cell monolaycT^. fancis 
,4 represent a siercQ pair im- 
age o/t^/o ccMi in contact wiih 
each other, displaying snoni; 
E-cadherin-speci/ic electron- 
dense siaiainp s^t the site ol' 
contact (arrc^pw). The apiail 
pole of these ceils is on tlic 
left. Panels ^ reproduce u 
stereo pair view of a samplt' 
Incubated v/ith an isorypc- 
maiched antibody used* as 
ncgaiivc cor.iroi for KSI/-^ 
mAb. The arrow shows a siw 
of cell— ceil conracr bciwcun 
Iwo cells. Bnrs, I ^m. 



antibodies use^ either as whole immunoglobuJins (mAb 
f^.'^^f ^5 ei al.. 1986]) or as Fab' f.^ciioas (mAb 
J ig. 4 yhows a representative example of an asere- 
gation assay using HFP ceils. As scea in Fl... 4 A, incuba- 
tton of HFP cells for 45 min at 3TC in the D;-:cnce of cM- 
cmxn and cootrol Fab^ fragmeals yielded I'i^ro^. ag?reiiarc> 
mat accounted for 74.6% of total aggreg^ -Jo.. (FiH."-! C\ 
^^ray bar), whereas aggregation performed in the absoncc 
ot calcium (0.5 mM EDTA) allowed th. IbrmaEion of 
much smaller cell clusters (Fig. 4 D). acccui.tinn (ov only 
of total aggregation (Fig. 4.^, ^o;-;. The qxxuht^' 
tive and qiiantitative difference obscn/ed in ion dcpcn- 
dence of HFP ceil aggregation properties ^ugl^'iSt that those 
ceus use- both classical calcium -dependent and oiicium-iiiC'''-^- 
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fr^'wrc 4. Ep-CAM meciiaccs calcium- 
independeat aggregation of fetal pancre- 
atic epithelial cells. Freshly dissodiaied 
pancreaiic epithelial teUs were reaggrc- 
5a ted in ihe presence {A~C) or ybsence 
{D-F) of calcium, to discrimiaaie between 
calci^jm-depcndem md -independent ad- 
hesiou mechanisms. A shows the qualita- 
civc .3pptaranc£ of cell aggregates obcaincd 
in the presence of control Fab' fragments, 
whereas B depicis clusters formed in the 
presence or and-Ep-CA-M Fab' fragmeot^r 
(from KSl/4 luAb). This inAb reduced the 
siic of ccU uggrcgaiici;, causing an inhibi- 
tion of ceil aggregation from 74.6 to 44% 
(C)(P< 0.001), In Che absence of calcium, 
the aggrcgttuon observed in the presence 
of 3 conirol Fab' {O and f) is decreased 
from 47 to 18.9% (£ and F) (P < 0.001). 
Values in C and F are expressed as mean 
± SEM of four independent experiments, 
using four independent donors (lS-20 wlc 
of gestation), 



^ pendent mechanisms of adbesion lo associate to each other. 
I When HFP cells were reaggregated un*;ier the san^e condi- 
;i tions but in the presence ot anti-Ep-CAlvI Fab' fragments 
i (ffeim KSIM mAb), reaggregadon dynamics were affected 
I both in the presence and absence of calcium. Fig- 4 B shows 
i the qualitative appearance of ceil clusters obtained in the 
g presence of calciuni and anti-Ep-CAM Fab' fragments, 
i ©jider these conditions, cell aggregation was partially in- 
hibited, yielding much snialler clusters ajid accounting for 
oniy ^44% of total aggregation (Fig. ^ C, open bar). This 
residua] aggregaticm is likciy to be mediated by cell adhe- 
sion molecules of the cadhetin .superfamily. In contrast, 
aggregation of HIT ccUs in the absence of calcium ap- 
peared to be dramatically affected by the blockade of Ep- 
CAM (Fig- 4 £). In this condibon, very small cell clusters 
were observed, accounting for only 18.9% of total sggrc- 
ion (Fig. 4 F, open bar). Similar inhibitory effects were 
'or ved in separate experiments by using raAb 323A3, 
previously characterized by Utvinov and colleagues an 
function blocking for Ep-CAM (Litvinov ct al., 19S4a), 
Otir results demonstrate that KSl/4 mAb is also a func- 
tion-blacking antibody for Ep-CAM, and that Ep-CAM is 
a m&jor adhesion molecule mediating epithelial cell-cell 
association in the developing human pancreas. 

Expression of Ep-CAM Is Upregulated in Developing 
Islet Cells Budding from the Ductal Epithelium 

Our imjnunofluoi escence studies on HFP at 18 wk of ges- 
tation demonstrated a unique expression pattern of Ep- 
CAM: Fig. 5 shov'S a representative field coHectcd from a 
sSctjon of HFP isiamcd by two-color immunofluorescence 
for Ep-CAM [A. ^rccn) and insulin {B, red). Tlie two fluo- 
rophore spectra are merged in Fig. 5 C Although Ep- 
,^CAiM-spccifiC fluorescence weakly marked ductal epithc- 
'liai cells rFig. 5 C arrow), it strongly highlighted regions of 
cell-cell contact within large cliiiitcrs of epithelial ceils 
budding from the ducts (Fig. 5. A and C). Some of these 
cell clusters comprise insulin-producing ceLis in their core, 
suggestiiig Thnt ihey may represent developing islets of 



Langerhans. Other epithelial cell clusters, also showing 
high levels of Ep-CAM, lacked detectable ejcpression of is- 
let hormones. The possibiliry that these clusters of undif- 
ferentiated epithelial cells comprise exocrine precursors 
remains speculative because no exocrine markers arc ex- 
pressed in the human pancreas at this developmental stage 
(Fukayama et al.. 1986; Jaffc, 1991; Carrere ei al., 1992; 
Mally,'l994, and data not shown). Thus, a unique ejcprcs- 
sioa pnttera of Ep-CAM characterizes morphologically 
distinct cell populations in situ, i.e., ductal cells displaying 
low levels of the antigen, and ICCs and clusters of undif- 
ferentiated epithelial cells showing high levels of Ep-CAM- 
The existence of at least two distinct cell populations iden- 
tified by Ep-CAM was further confirmed by flow cytomet- 
ric analysis of cell suspensions. As shown in Fig. 5 D, two 
cell populations are identified by immunostainijig with the 
KS3./4 mAb. One population exhibits low levels of Ep-CAM 
and accounts for --30% of total cells (Fig. 5 arrow), 
whereas the other displays high levels of Ep-CAM expres- 
sion and accounts for ^65% of total ccDs (Fig. 5 D, arro^- 
head). We sugge.n that Ep-CAM**^* cells identified by flow 
cytometry arc likely to correspond in situ to ductal cells 
(Fig. 5 C, arrowy whereas the Ep'CAM^"^^ cell population 
(Fig. 5 D, arrowhead) comprises developing iCCs (Fig. 5 
C, arrowheads) and undifferentiated epithelial cells. Over- 
all, the data show that modulation of Ep-CAM expression 
accompanies the budding of islet cells from the ductal epi- 
thelium . 

Expression Pattern of Ep-CAM in the Human 
Adult Pancreas 

To investigate wheiher the Ep-CAM expression pattern 
observed in fetal pancrcata i.*) retained in the adult pan- 
creas, we performed rriple TmmunoQuorescence experi- 
ments for the simultaneous identification of Ep-CAM, in- 
sulin, ond glucagon in cryostat sections from adult human 
pancreas. In contrast TO fetal pancreas, the highest levels 
of expression of £p-CAM were not identified in endocrine 
cells, but rather in small intercalar ducts, interlobular, and 
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tal cells (E, arrowhtudx), in interlobular ducts (7), and in maui ducts (G). 
gon-spc'cific fluorescence (/H. exhibit a significancjy lass Intense Ep-CAM 
The da:;a are representarivc of four independwtt expemnenis, using Three 
and G) 50 p.m; (J) 40 jxin. 



Fii>t.re 5. DcvelopmcntajK- 
reguiated cxprciisioii of F 
CAMinihchum^u^pancrc,^" 
Confocal analysis performed 
on cryostat sections nf 
HFP. double iminunosiaincd 
for Ep-CAM(>\)and in.uiin 
{B), reveals the upre-ulstit..,, 
of Ep-C.\M expression in 
cell ctusiera budding fron, 
ihc ducifll tpiihelimn 
The i-wo ftuorophore spccini 
arc merged in C. when: insu- 
lin-posirive celts {rt(i\ x\tc 
identified wiihin clusters div 
playing the brightest inunu. 
norcactivity for Ep-CAM 
tircein). D represents a lypj. 
col histognim obtained' t>v 
flow cytometric analysis after 
immunolabeling for Ep-CAM 
of freshly isolated HFP cells. 
It shows thaC two disrinct 
populations of Ep-CAM- 
positive ceils are present in 
the HFP. an EiJ-CAM'*'" {ar- 
row) and. an Ep-CAM**'?*" 
rowheati) population. This 
pa It era, when compared to 
the in situ deieciion of Ep- 
CAM {A and C), suggest- 
that Ep-Ca\M*"* cells com- 
prise ductal ccHk (C and /), 
arrows), whereas £p-CAM'^ 
cells (C and Z). arrnwhcmh) 
correspond to dcvcfoplng ii- 
let cells, and clusters of un- 
differciiciated epitlieiial cclk 
The white tracing in D repri!- 
sents the auiofiuoiejscence o( 
cells incubated with 3 mou;;o 
l^OZs, used as a ccrirol ref- 
erence. The dnta arc rcpre- 
scnrntive of nine independcni 
imjTUmostiiiniugs using fivu 
independent donors (iX-2i) 
wk of gestation ). Triple im- 
munofluorescent lociiti7;Uit>in 
was also perfornied on sec- 
lions of hujnan i^idult pancnra-^ 
10 simultaneously ideniilv 
Ep-CAM; insulin, nnd iiluc;i- 
gon. In this set of eNp*-'n- 
mcms, the brightcsi Ep-CAM- 
spccifjc iinmuno fluorescence 
was recorded ni ihc ccH-ccH 
boundaries of hr,;rcniai- ti"*-'" 
Islets of Langerhans, idcuiLficd by the insulin- {tl) lund g)uc:i- 
-spccific fluorc:iceace {£). Combined fluoropliore spcciru (O- 
independent aduli donors (20-56 yr old). B;Ars: [B) 30 am; (// 



main ducts. Indeed, as shown in Fig. 5, E and /, aciull islets, 
identified by the insulin (Fig. 5 If) and glucagon, staining 
(Fig. 5 F), displayed low to intermediate levels ot Gp- 
CAM as cornpared to the bright tluoresceni signal re- 



corded at Che cell-cell boundaritis of intevcsicir ductal cells 
(Fig. 5, E and /, arrowheads)^ and in interlobuiar and mi^i'^ 
ducts (Fig. 5, G and/). Often localized iatraci^iluit^' ly' 
crine tissue demonstrated weak siaimng I'or Ep-CAM- 
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cb^^ /- Pi^^l Intensif)' of Ep-CAM-^spcdfic Immunofluorescence at Regions of Cell-Cell Coniact 

Q^P*^' Fcttil pfincicos AduJt pnncrcws iCCs Grafts 

73.2 ±n-6*' 179.4 ±JS.3* 7Ki ± 11.7' ' 177.9 ± 21.3^ 

n<Ocri«* 1S0.3 ±21.5 IJO.S - 11,2 135.4 r 13.5 104.8 r iv'e 

pltheliai (jndifi^crcntuKcd 197.9 ±22.5 - 194. 1± 17,2 - 

..Kocrine - 56.8 ±7.1 _ , - 

TiC pUc! intensity of Ep-CAN!-spccific fii3oro*:ctiCv^. wua rccordi;cl in 250 domains of cclkccll contact for each cell (ypc. Numbers of fields AcoicA in fcrul puaacnta = 50, uduli 
.incfwr>i " 72. iCCi - 5«i. grafU - 69. Number of dorvors = 3 (fcul poncrciira m s«taiional Age 15-20 ^-k). N'umber r,r danorK of a^luU pnncfctii;^ = 3 („Be; 20, 32, and 5C, yr). 
Th;; ,-71 ve! :n:iOsJ(y reoorttLoi :u ductaJ cclli ii sigrlticanily difTi-Teni i'mm v^lluc^ dstecied in ^ndooinc ct:lh and cpuhclwl ondiffcrtnn'aictj ccib {/' < O.OOn. 
?tKiiific,-:n:]y different froni v^ilucs dcfccTcd In cndocri.ie wUb < 0.05) uiid in exocrine cdl/j < 0.00!). 
.^igaifU^r.ily dif/jrsni froai v.ijyc:; (.iciscted in endocrine nnti cpjthcHni undiff<!reAii;itcd cclb {f <; 0.001). 
VatViS FJCtirded in w-nlbf' du/::al cells differ si^nificnftUy from Xhwt: record sd ifl 6nd<«;r*mt cellx (/» < U.QS). 



yuantUative Analysis oJ Ep^CAM Expression in Fetal 
nd Adult Human Pancreas 

quantitatively evaluate the levels of Ep-CAiM expres- 
ioD in specific ceil types, coufoc^l images from human fe- 
:i adult pancre-ita were studied by computer-aided 
:■;afp^^T^etric analysis. Table J shows the pixel intensities 
if Ep AM-spccific fluorescence recorded in ductal, en- 
iociine, and epithelial undifferentiated cells of the fetal 
»ancreas, as well as in ductal, islet, and acinar cells of the 
iduit pancreas. Whereas fetaJ ductal cells displayed a 
acan pixel intensity of 73,2 i 12.6, islet cells within the 
ame sections showed a mean pixel intensity of 180.3 ^ 
:i.5 (F < 0,001), Similarly, high levels of Ep-CAM expres- 
ion tf^.e.. 197,9 in 22.5) were measured in clusters of epi- 
helial undiffercndateid cells that lacic expression of all is- 
sc hormones (insulin, giucagcn, pancreatic polypepride, 
ind soniatostatin), or exocrine marker? such as amylase 
daigi not yhown). Conversely, this aaalysb performed on 
iduJt parxreas revealed mean pixel intensities of 179.4 ± 
.8.3 in ductal ceils and 110.8 :!: 11.2 in islet cells (P < 
).05). Cells of the exocrine compartment showed signifi- 
;antly lower pixel ini:^aity (56.8 ± 7.1). Thus, ductal and 
slet cells demonstrate a reverse pattern of Ep-CAM ex- 
: resiion in the adult pancreas compared to the fetal pan- 
re5.3. These results suggest that mechanisms regulating 
>ig ' >vsis of Ep-CAM expression in feral i.slets and undlf- 
erevr^ ^d cell clusters may remain constUutively opera- 
h'c: in iidult ductal ccOs, perhaps marking the ability of 
ray; £:el] compartment to act as a reservoir of islet cell pro- 
^tn-v.ors in adult life (Dudek cL al., 1991; Gu ct aL, 1993). 

Hj^h Levels ofEp-Cj\M Expression Characterize 
?;'aliferailng Bpitfiellal Cells In Situ 

'"he high levels of Ep*CAM expressed by developing islet 
:<iil ciuslers in the fetal pancreas suggest that upregulaiion 
: ? ":p-CAM may be associated with cell projiferation. To 
ihis hypothesis, fetal and adult human pancreata were 
' t.aiued for Ep-CAM, insulin, and the Ki~67 antigen, a ou- 
:le.'^r marker of cycling cells (Gardes ct al., 1983), The 
presence of proliferating events among ductal, endocrine, 
and t^i^oci'ine ceils was evaluated both qualitatively (Fig. 6) 
a-nd quantitatively by mofphometric analysis of serial tis- 
sue sectionLi (Table H). Fig- 6 A represents a reconstruc- 
tion of four adjacent fields from a fetiiil pancreas showirig a 
larg^ duel {asterisks) and several adjacent ceU clusters. In 
no instances were Ki~67-positive nuclei (Fig. 6 blue) 
identified among ductal! cells wealciy stained for Ep-CAM. 
Conversely, proliferating duaal cells consistently exhib- 



ited strong staining for Ep-CAM (Fig. 6 A, arrowheads). 
Among cells adjacent to the ducts, numerous Ki-67-posi- 
tive Ep-CAM*"K'' cells could also be observed. Neverthe- 
less, many Ep-CAM**'S^ cells appeared to be not cycling. 
Within ceij clusters budding from the ductal epithelium, 
several insulin-producing cells (Fig. 6, arrows) also posi- 
tive for the Ki-67 nntigen were observed This latter obser- 
vation suggests that newly differentiated p cells may con- 
tribute to the expansion of the islet cell mass. The fact thnt 
developing islet cells exhibited high levels of Ep-CAM is 
consistent with an immature phenotype, as supported by 
Lbeir inability to secrete hormones in response to secreta- 
gogues. 

Simitar analysis performed on ci^ostat sections from hu- 
man adult pancrcata revealed fewer cycling events (Fig. 6, 
B^D). Fig, 6 S shows an islet of Langerhans identified by 
tbe insuHn-spccific staining {red). Relatively higher levels 
of Ep-C.^M expression (Fig. 6, green) were detected in is- 
let cells as compared to the surrounding acinar tissue. In 
ihis field, a cycling insulin-positive cell can be identified by 
the expression of Ki-67 (Fig. 6, Wue) in its nucleus (Fig. 6, 
arrowy Fig. 6 C shows Ki*67-posilivc nuclei within the 
ductal epithelium (arroivj), a cell compartinent that ex- 
presses the highest levels of Ep-CAM in the adult pan- 
creas. Interestingly, even within the exocrine compart- 
ment, which overall expresses low levels of Ep-CAM, 
cycling cells identified by the Ki-67 staining always showed 
brighter Ep-CAM-spccific fluorescence, as compared to 
the surrounding noncycHng acinar cells (F,ig. 6 O, arrows). 
Table IT summarizes the frequency of Ki-67-poRitivc nu- 
clei in the different cell types of both the fetal and adult 
human pancreas. To take into accouat the different repre- 
sentation of the various pancreatic cell types, the percent- 
age of Ki-67-positive cells was corrected Cor the relative 
ceil mass of the ductal, endocrine, and exocrine pancreatic 
compartments. This allowed the calculation of a "prolifer- 
ation index" that reflected the actual frequency of prolif- 
erating cells La each compartment. This analysis demon- 
strates th?-t the cells bearing high levels of Ep-CAM 
expression (i.e., undifferentiated epithelium in the fetal 
pancreas and ductal cells in the adult pancreas) exhibit a 
higher proliferation index (Tabic II), consistent with the 
hypothesis that upregulation of Ep-CAM is linked to the 
high proliferative potential of those cell comparOnents. 

Induction of Epithelial Cell Growth Is Associated \oith 
the Upregulation of Ep-CAM Expression 

To determine whsther. uprtrj^ul^tion of Bp-CAM i^: sssoci- 
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Ussue {/), arrows). 
fied b)' ihe Ki-67 siaunog 

Theduca Tire representative of five indGnenH^n71 "-^ ^-"^^^'^"P*^"^^ uuoresce 



^'//•c 6. High ]tveis of n 
CAM expression cnerk n^^ 
Iiteraun^pwncrearic epiihZ" 

^•irucHon of four adjaccntmi" 
croscopic fields from a fei.J 
pancreas (18 wJc), inm^uao 
summed for E^CAM (,^,-^,; 
jnsulin (re^^ and Ki-67 
Numerous pro lifcra tins ce's 
idcnii/icd by ihc nucicl'r 
staining for Ki-67 can be ob- 
served in ceil duscers buddin,. 
from pancrcaiic ducrs (r^^;; 
"^). AJid within the du^^iai 
epithelium (arrowhcn^fs) No 
t^Wy, all iCi-67-posifivc oiJij 
exhibited hi£h levels of Ep. 
CAM-specific immiinorcac- 
nvity, inctiiding tho^c idcnii- 
fied within Che inooolayercd 
ductal epithelium thai nor- 
raally exhibit low levels of 
Ep-CAM. Many cycling insu- 
lin-positive ccUs were 
observed (nrro^y)^ Similar 
"nalysis performed on 
tions of human adult pan- 
creas (S~0) aJso revealed 
that expression of Ki-67 is nl- 
*ays a^fsociatcd with high 
levels of Ep^CAM. AJrhough 
rare cycling 0 ccills were ob- 
served (B, arroH^; refer to Ta- 
ble II), mofli K:i-67-po.«!itivc 
ceils were idcniiJGed in dticis 
(C arrows) and in the acinar 
Ed-CaVt ^^^u^ . .. 



wfnexfastss ^dT "^P"^""^'- ^Pi'h^"^ -lis in vitro, 
vve next assessed the expression levels of this antiKcn by 
P^ote n mmunobloiting. We compared free-noafin?JCc/ 
u>rapr.-„ng only a limited number of cyclins cells rotm, 
koskj pt a 19<J3> to roll ^1 -/'-""S ecus (Uton- 

ing fet..W P™:i^!^^^^^^^^ 

-pple,.ented with rhHGF/SF. This cSre t^^^^^^^ 

f ^''f^-^'-O" °f both fetal (Be ttie 
I W^V I ^4"^" ""'""'^ cells (Hayek et al 

3995). As .^own .n Fig. 7. lane J, a major band with an an 
parent ,.no ecular mass of 40 kD cotJd be idTntiS by Z 
KSl/4 ,nAb m cell extracts from fetal ICCs cullured 

J?owth a r "m""'^ -P"hclial cell 

a.d.,.ional 42-.!?^^ So'Setr ^ ^ 
protems recognized by the KS7/4mAb weve nrevi 

%9) I,>duct,on of ceil growth in aduJt islets cultmecl as' 

STZ^^^rfs:^;;''' s,^i«c«n/';r4:' 

o.-i.vi ^Mg. 7^ ]3nc 5) as compared to the lev- 



exhib ted h11^/T , Tl? '"^^^ P ^"'"O^ (insulinoma) 
SSrF?7 ^''^V'^P-^'^''^ ^prcssion than nor- 
ind ca te har t!; T * ^<^^P^'='-ely). These result. 

bvr„c™H " »'«"-^fonnation in vivo is accompanied 
ijy increased expression of Ep-CAM. 

Developnmitally Regulated Expression of Ep-CAM 
'i'^ring Pancreatic Islet Maturation ^ 

^.^ of E;^CAM during devel.=ru"e.i. 

of islet dustej-s, we roofc advantage of ar, established „. 
V.VO model of endocrine differentiation of HFP cu ll... In 
inis model undifferentiated fetal pancreacic ICO !rt.ns- 
planted under the Iridncy capsule of ininninL-cicriden! 
nude mice develop a significant endocrine cell n7;.s.< ii! ier « 
100^^ f^'^^'fn^ <=t al., 1995, 1996: K?.-,...-k .;! al.. 

i^b). ihcrcforc, in the next series of exptc'inK !^;>; «c 
transplanted four nude mice with 500 hiim;iii )<":: ciich. 
Aner 12 wic, the mice were tested for the pi eicr.o,.- m!' iiumaii 
msuhn in the peripheral blood using a humai- • ' po,>iidt- 
ipecific radiointmunoassay. We detected ± I'f; pninl/li- . 



Tlw JcNireiJ ufCcI! Biology. Vulumt, un 

■ I52S 



F«ltii pamiraaUa 9«<la A dun ^(vt ';«!)* 

^ a 3 i S « 7 a B 



Ji;i?/<^ // Distribution of Ki-67-posinve Cirlh in the 
iiuman Pancrcay 



Caiiirp^' Xj-67-^DsitivcccIl6 Prolifcrarion Ijidcx 









Ductal 


11.70 [J 22)'' 


0.48" 


BnilocTiric 


14.87 [155) 


0.69 


Epithelial utidirt'crtntiatcd 


52.01 1'5421 


1.50 










39.12 (367 


2.79* 


E'is'locrinr 


0.95 [9] 


0.47 




^4. SO [42\] 


0.60 



■ ♦HKprc^fl=d ;iK pcrc=ninfl,- nf [otnl mmibcr of cells counted. Inu/nbcr ofzcWi coimted). 
^Cutcwiutod bv tiwiTctdn;^ ihe peiLentiigc o( tCi-67-paf;itivc Cells icn rhc rcluUvo i»icj' 
porrit-n of pflncicatic cell lypcs (i.e.. Jiicial cclLt = 24i*6, cndocrLoc cells - 2 1 .5%, cp- 
ithellfil *.tnrt»ffcrtn(iji«cd - M,5%. stTDma = 20%) (Cirulli. V., unpublhhed duai). 
NLimScr uf /"ields scored - 9ft. Tolal number nrcelJK couiil«<i SIV. Number of do- 
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if- 

h^; ter of humajn C perptide in basaJ condition!; and 4.24.5 :^ 11. S 
|1 pmol/liter after intrapcntoncal injection of glucose, indicat- 
1 ing that the transplanted mice harbored functionally ma- 
If: ^-^^^ humaji islet [i cells. Hematoxylin/cosin 3taining of the 
fe grafts showed numeroui; large islet-like epithelial clusters 
(Tig. 8 B, arrowheads) and ductal structures (Fig- 8 B, as- 

i&risks and inssry Consj5;t.enc with our previouj^ reports, such 
iilct cell clusters were immersed in a well-vascularizcd stro- 
mai tissue of mouse origin (Beattie er aJ., 1994, 1997). None 
oi the grafts de^'cJoped exocrbe tissue, as detected by 
, morphological analysis and imtnunosiaining for amylase 
(dara not shosvn). This last observation is ijn agreement 
with a recent repctrt by Oicces and colleagues, showing tJiat 
transplantation of enriched epithelial cell preparations 
ig, frona the mouse fiital pancreas develops into islet cells and 
ductal elements without exocrijic tissue (Gittcs ct nl., 1997). 
We next compared the expression of Ep-CAM in the 
|| s and in samples of ICCs preserved for histological 
ima lysis from the very same pool used to transplant the 
:^ viude mice (Fig, 8 A), For this purpose, sections from the 
:CC preparations and grafts were stained by three-color 
Immunofluorescence for Ep-CAM (green), insulin (red), 
B ^iud glucagon (hUte). The ICC preparations (Fig. 8, C and 
% D) consisted mo^itly of epithelial cells strongly stained for 
'■^^^ Ep-CAlVl (pixel intensities were 194,1 :i 17.2 in cpilliclial 
iindlffereniiaied ceils and 185.4 ± 13.5 in endocrine cells, 
^ respectively; refer to Table 1). Few ductal structures (Fig. 8 
C, arrows) exhibiting low levels of Ep-CAM-specific 
^ staining (pixel inicnsity of 71.1 :t 11,7; refer to Table I), 
:|*;. and discrete regions occupied 'by mesenchymal cells lack- 
pl^^ ing Ep~CAM expression (Fig. S C, arrowhead) were also 
observed. VlergLng of the three Muorophore spectra in Fig, 
D showed that only a minor fraction of the epithelial 
ci31Ie express insulin and/or glucagon , consistent with the 
p;:^ fact thiit ICCs comprise mostly undifferentiated epithelial 
,4 -ells (Beattie et al., 1997). In contrast, The analysis ol the 
M ^-^^^ revealed the presence of large clusters of endocrine 
i: tells resembling cdulc islets of Uingerhans (Fig, 8, E-IJ), 
^ with insulin-producing cells located in the center and most 
^; glucagon cells arranged a* the periphery. In addition, well- 
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Figure Z Ep-CAM expression is uprcgulaiecl by growth stimuii. 
Wesrern bloi an.ilysis of cell extracts from fetal ICCs (};*ne ]) re- 
vealed a band with iin apparent molecular maSii of 40 kD using 
rhe KS 1/4 mAb. When cetls- were plated on the 804G extracelJu- 
\<^T m<i.tri-jr \o promote epithelial ceil j^owfb, a remaricabls upfeg- 
1)1 avion of Ep-CAM expression was observed (lane 2). In this con- 
dition, an additional band of 42 VO whs delected. When purified 
aduh islets were cLiUured either in the absence of growth stimuli 
(lane 4). or as monolayers on the S04G mairix supplemented with 
rliHGF/SF (lane 5), a significam upregulaiion of Bp-CAM ex- 
pression was observed. Lysaies trom human insulinomas also 
showed higher levels of Ep-CAM (lane 8) compared to norinal is- 
lets (lane 7). Lanes J, 6, and 9 were loaded with ccU iysatcs from 
fclal cell monolayers, Adult islet monolayers, and human Lnsuli- 
noma, respectively, and then probed with a conu ol mouse TgG2a. 
The data arc representative of seven' indepcndcni experiments 
using f©tai and aduh cells (seven and five independent donors, re- 
spectively), and of three independent experiments a^Lng human 
insulinomas (from r*o independent donors). 

formed ducts containing numerous glucagon-producing 
cells were observed (Fig. 8 //, arroyvs), suggesting an ongo- 
ing and/or residual emergence of endocrine cells from the 
ductal epithelium. Pancreatic polypeptide- and somatosta- 
tin-positive cells were also found in the grafts (data not 
shown). Interestingly, the expression pattern of Ep-CAM 
in these grafts is reminiscent of that observed in the intact 
adult human pancreas, with high levels in the duct^il epj- 
thcliiun and relatively lower levels in islet cells (Fig. 8 E; 
pixel intensity of 104.8 * 17.6 in islet ceils versus 177.9 n: 
21.3 in duaal ceils, respectively; refer to Table T). These 
results indicate that differentiation of fetal cells into func- 
Uonal mature endocrine cells is associated ^mxh downregu- 
lation of Ep-CAM- 

Inhibition of Ep-CAM^nediated Cell-Cell Interactions 
Causes Endocrine Differentiation ofHFF Cells 

The expression patlcm of Ep-CAM in the developing hu- 
man pancre^is suggests that i\ dynai-nic modulation of this 
CAM may be involved in the cciTs decision to either grow 
or differenciatc. To assess whether the blockade of Ep- 
CAM-mediaced cell-cell interactions may mimic a state of 
functional downreguiation ot" Ep-CAM usage^xpression 
and promote endocrine differentiation, HFP cells were 
cultured as floating ICCs for 5 d in the presence of either 
Fab' fragments of KSl/4 mAb or control Fab' generated 
from is otype- matched mouse IgGs. At Che end of the cul- 
ture period, conCroi and KSl/4-tjeated cells were harvested 
for total A isolation and DNA 3nd insulin contenr de- 
termination. Because human KFP express a number of 
other adhesion molecules, including N-CAM and E-cad- 
hcrin (Cirullt et aU, 1995), we predicted that treatment 
with KSl/4 Fab', although exerting ii potent inhibitory ef- 
fect on short-term reaggregation experiments (refer to Fig. 
4), should have not affected their ability lo reaggregate in 
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iong-term cultures into ICCs. In faci, aficr 5 d of culture 
both control and KSlM-trcatcd samples yielded macro- 
scjjpicaliy similar \CCs (data not shown). As shown in Fig. 
9 A, analysis of insulin aud glucagon transcripts revtaied 
that trt:atmeQt ^vith anci-Ep-CAM KSl/4 Fab' causes a 
significant increase of both iasuiin and gjucagon gznc tran- 
sJ;ription. Nicotm£*midc-trealed TCCs (Fig, 9, fane NIC) 
vvcre used in this assay as an Internal positive contiol for 
Lnduction of endocrine differentiation. In fact, we havt; 
previcusiy shown that nicotinamide increases j^?ucai<on 
and insuJin gene aanscription, as well as the overall num- 
ber of glucagon- 3nd giucoi^e- responsive insulin-producing 
ceils (Otonkoski et al., 1993). Quantitation of band inten- 
sities performed by scanning densitometry showed that 
the blockade of £p-CAM (Fig. 9, lane KSJM Fab ^ pro- 
duced a 1.9- and l.'i-fold increase, respectively, of inmlin 
and glucagon mRNAs above the levels measured in con- 
' \ fCCs {Fig. 9 B). These findings were funher validated 
t>;;3^''*^ demonstration of increased insulin protein content 
in * Js treated wjih anti-Ep-CAM KSl/4 Fab' (Fig. 9 C). 

These results strongly suggest that disengagement of 
Ep-CAiM-mediated cdl-ceU interactions, by either down- 
regulation of die receptor from the cell surface and/or 
functional iiaactivadon, may be a signaling event involved 
in the differentiation of pancreatic islet cells. 

Discussion 

Adhesion molecules mediating celi-cell interactions play 
cri^^iai morphoreguiarory roles in specifying cell fate dur- 
ing development I'Trelstad, 1964; Ekblonn et al., 1986; 
Edeiman and Crossin. 1991; Edelnian> 1992; Takeichi, 
1991, 1995). Here we deTnonstrate that the pancarcinoma 
atstigen KSA (Vaild et al., 1984; Edwards ct ai., 1986; 
SpuiT et ai., 1986: ,Bumol ct ah, 1988). alias Ep-CAM 
(Lixvinov et al.. 1S^4<2), is expressed in the human fetal 
pancreas at sites of epilhetiat cell-cell contacts and that 
*he antigen mediates a calcium -independent mechanism of 

" aggregation. Tlte data also show that expression of Ep- 
■'^y ' is deveiopnKifltaliy regulated during pancreatic islet 
cntugeny. Thiis, high levels of Ep-CAM expression were 
detected in fetal pancreatic islet cells in situ and after in- 
d action of celj gro^vth in vitro. In contrast, endocrine dif- 
fereatiauon of immature fetal pancreatic epithelial cells in 
fin in vivo transplantation model was associated with a sig- 
'Aificant dov^Tiregulation of Ep-CAM expression. More- 
over, blockade of Ep-CAM function in vitro caused endo- 
>n-inc differentiation of fetal pancrealic cells. Taken together. 
:hese observations suggest that Ep-CAM exhibits the fea- 
■ures of a morphorcgulatory molecule. 

Our data provide, evidence that Ep-CAM uprcgulation 
iind fimction is associated with the outgrowth of early en - 
docnne cells from the pancreatic ductal epithelium. We 
show that Ep-CAM expression is restricted lo the epithe- 
lial, compartment of the fetal pancreas in a pattern rcmi" 
nt"t^:ent of the distribution of classical cell-celJ. adhesion 
mc^cuies. Furthermore, immutioeiectron microscopic anal- 
ysis of Ep-CAM showed that the predorainant subcellular 
locaii7.ation of this glycoprotein is targeted to domains of 
cell-cell contact, sijggesting its involvement in cell aggre- 
gGtion. Indeed, our short-term reaggregation experiments 
clear))' denionstratc that Ep-CAM is involved in pancre- 
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figufd 9. Blockade of Hp-CAM-aiediat<td cell-ccU interactions 
causes endocrine differenitacton of HFP cells. HKP cell*: cultured 
as floatiog ICCs for 5 d in the presence of cither Fab' fragments 
of KSl/4 mAb or control Fab' were used for determination of in- 
auVm and gluc;igon transcript levels in a raultiprobe RNase pro- 
tection assay. A shows thai treatment wiih anti-Ep-CAM KSl/4 
Fab' causes a significant increase of both insulin ojid glucagon 
gene transciiption. Nicotinamide-treated ICCs (lane NIC) were 
used in The a.'ibay as ur int'trnHl positive control for induction of 
endocrine differentiation. Yeast cRNA (lano tRNA) was included 
as a negative conuroi. Lane VF, undigested pi-obes; M, RNA siz- 
ing ladder. QuDntitotioo of bond intensities performtid by scan- 
ninj;! densitometry {B) shows that blockade of Ep-CAM produces 
a L9- and 1.4 -fold Ijacrcasc, respectively, of insulin and glucagon 
mRNAK above the levels measured in control ICCs. Note thai the 
iniiulm protein cantenT is al.«!o increased in ICCs treated with 
anii-Ep-CAM KSl/4 fab' {C). A is representative of tour inde- 
pendent assays. Data in B and C are expressed as mean r SEM 
of four independent experiments. P values for significant differ- 
ences were: P < O.0O2 for both ijisuliti flnd glucagon transcript 
levels compared lo control in 5; ? < 0,005 for samples treated 
with KSI/4 Fab' compared to control in C. 



atic epithelial cell-cell aggregation. Hence, using two dif- 
ferent Ep-CAM-apccific mAbs, KSl/4 and 323A3, both 
recognizing extracelluiax- sequences of the molecule, a sia;- 
nific;>nt inhibitory effect of paiicrearic epithelial cell re- 
aggregation was observed. These functional data provide 
the first evidence that Ep-CAM mediates cell-cell aggre- 
gadon of pritnary (nontumoral) epithelial cells. Based on 
some sequence homology that £p-CAM shares w)Ch the 
extracellular matrix protein nidogen, it was previously sug- 
gested thai thi:> epithelial marker could participate in ci- 
ther intercellular or cclj-ma!rix adhesion of epithelial cells 
(Thampoc ct al., 19SS; Mann et aL, 1989; Simon et al., 
1990). Although a direct involvement of Ep-CAM in cell- 
cell interactions is supported by our morphological studies 
and demonstrated by our antibody perturbation experi- 
ments, the possibility of £p-CAM involvement (n cell- 
mairut interactions is unlikely for the following reasons. 
Fir^t, Ep-CAM-specific inununoreaaivicy was never detected 
at the basr!!] po!e of pancre>u;c cpitl-.elin! cells, r^Siown by 
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tided in srru by the expression of rh/. I- ' 

tcntly displayed d>c hrgheXltrf ^^'(^m f 
n ..e fcca, p.,ceas. the highest frec,ui:,c?'oSS Z 

cOI^ was found among Ep-CAM»''*sJf» JCr^ L.^T 

part.Ticn .tiongly sta.neU for Ep-CAM exhibited the hiJh 

rhn^^., ^ ^""""^ proliferate. In fact, we observed 

rha ceJl companrocn.s such as the fetal ductal InXuun^ 

of Ep-CAM comprised .catxired proliferating cells rhat 
expr.3,,scd increased levels of Ep-CAM. Thus ^our ioidt 

<'«ing cells and h,gh expression of Ep-CAM in citch cell 

cells w, hm f«al islet ceJl clusters ar,d adult ducte are^actu 

tion of Ep-CAM may not necessarily coincide wiih cell rfi 

resoond r' "^^"^^ '^'P^^''-'^ -P'*e" ce Islo 

respond to an array of mitogenic/developrTien.al .ignak 

In )mc with th,s hypothesis i, ,be observation Tha re 
t'^rfj.H?''^^^"',^''"" "^^P-CAM occurs no only m e 
t a7 5S Th ''''''' ^^""'■'^^ carcinomas' v" Si 

" '^P"SS'blc that cell interactions medi- 
ated by th-s glycoprotein, although ensuring celi^ ul ' 
aanon, may be required for thi transducfion Tspcc^c 
^igmk necessary for the deve!op„,ent of various eplthS^ 
organs and for the growth of epithelial turners. Htnce the 
a soc,at>o„ or Ep-0\M upregulation with ceH gSS'h in 

J^i^;, and ts dc novo expression during tumoral transfor 
matron .n t.ssues that usually lack this molec^ h«ve been 

opithel.ttJ r,„ue, has been also associated wi,h a decreased 

he deve!op,v,cnt and maintenance of cellular cUfferentia- 
rton (Viarrs and Nelson, 1996) and regarded f h ,^ 
suppressor ^enc (T^.ei^hl. J^Mnttr^'ntj a rcS[ 
tcport by t. ,v.nov and colleagues shows that Ep^-CaS 
decrease cadhenn-mediated cElJ-<ell association thereby 
I'Ztu'.^ ''"'"■^ -'"■^'^ Ep-cXm may 

^pithetiiii cells (Liivmov e( al., 19<>7) 

Based on the evidence thai pancreatic endocrme cells 
f Pi"r, f"'"™ P^<^Senitors resident in the ductal epithelium 

L(,e T9,S7: Alpert et al., 1988: Gu and Sarvetnick 1993^ 
our dat., suggests that upregulation of Ep-CAM occurs 

Dor'i'^n \h^''r°^T" '''^^^ '^^^ ontogeny. In sup- 

port o I ch.s hypothests we show that Ep-CAM is upreau- 
Uaed n pancre«t,c cp.thclial and islet cells induced to p?o- 
era c ,n v,trc^ and ,n .spontaneous pancreatic p cell 

or pre AM u. "^'"^ ^'•""S*'^^" -significance 

01 Lp-CAM upregulation in vivo is to trnnsduce sixicific 
n.orphog«net,c signals durins ^he emigration aud'lxpfn' 



^ion of early endocrine precursors and tiewl- H f. 
aied endocrme cells into the sitrrounding^ne^e' u'^'^''^'''''- 
The express on pattern of Fn r^\4 1 '"'"'^'^'^fiynie 

thofe.3|.r,dadun'panc;:a:a?w^^ir^^ 
of .slel cell development from .mdifferemiV-"- f'''^"'^'-'' 
•hehal cells, provides an intei-esti„/ex» " \f ^ 
opmcnrally regulated expression of thTs ' r U i""'''- 
wherea, ^ th. fetal pancreas the high Jt leleh -f V'"'- 
are detected m islet cell clusters grlwin» o^ ^V- 
tree and in clusters of i.ndiffercnri.«ed en - - ■ . T'''"^ 
aduu ifetheducta. epithelium, rathcn'han^-^ ^S^, 
the ,i,oneest Ep-CAM-specific immuno.e.e^v:' ^ ri 
observations suggest that human adult ^ancre- ^ T 
retain a higher responsiveness to grcwtrs'r" ■ 
Terist.c supported by oux data on the re a tivl v'i . " 
quency of proliferative events in this c<.^^ro ' 
po..lbility is also consistenc li h' h "cur'i^r^'^^r";- 
most human adult pancreaUc rumors nrro'd" 4!So'''" 
The in VIVO and in vitro cxi5erim/.r, =1 ■ ' 

~.nti^d.crS^^i^SS,::^^^ 

en^tSf 'rr ^^-^^^ ob.e;.?d":;h:n 

cnne di.ercnf S^tS ^e.^cru^rf So^^^^^^^^^^^^^ 
the grafts aad expressed levels of Ep-CA ^ siniih 
hose detected in situ in the adult islets. Ul . t.J 

anc KSy4 Fab fragments, fetal pancreatic -<.!k under- 
let, endocnne differentiation. deVnonsfrr<ce<l hv u, 
regulation of insulin and glucagon transenp , L' J ^ v 
slVcTZ --""protein content. These d.u, stronm;- 
'«'^P"««'t'ons designed to inhibi, nr redJee 
tiftJn r;"' ?" f^vor cndoc-ir,:. Ji;rerc„- 

tiat.on. Convei-sdy. upregulation of Ep-CAf,', r..<,(ive/v 
regtilates endocrine differentiation, in line wiir. i ,t vio' 
the low levels Of Ep-CAM expressed in luim.,. .Jul, islei.s 
n^ll ^^'bjting hormone gcPc ..-:|>rossior,. 

and only a substantial upregulation of thi:; C.^K\ above 
threshold levels can endow epithelial cells m-:,;, i, higher 
responsiveness to growth .stimuli or dirc^ctl', ■ ...;.u/;.le'cell 
mul .phcat.on. This interpretation is con,i.;,,r,; ui.h .he 

most recent view of CA.M's function, wl^.el. nipasv^e. 

not only ceH-^eJl aggregation within lissue;:. .Us., regu- 
lation of cell multiplication (Edelman sno ■; r..ssin. IWl; 
Sponi at al., 1995), eell difterentiarion (.'<..-ii;ie.- ei al I v?": 
Edclman and Crossin, 1991; Takeichi ; .v:w. niiv;r;/fii.ii 
iind three-dimensional Orftanizalion vWiv ...le-. durini; 
morphogenesis (Crossin orai.. 1985; Fr;jc.^:;i,-.,-.-- ei ;i! iv.sv^ 
Edelman and Crossin, 1991; Takeichi. I S.'.-.' I ' ! '■■m<: Utrue ei 
ill.. 19.>6), as well as tissue remodelinude. ■ ,m. >...iivJ healirin 
(Watt and .foncs, 1993; Krushel ei s!.. l';'-?.;. .nul lu.nural 
transforaiation in adult organums (.Parish 14.^7; M\ ne>. 

3.939). Thus, C.'VMs should be regarded k;. i, .ducer.s ^".1 v!i- 
verse morphoregulatory messages wi::;> .il i.'olleciives, 

interestingly, de.spiie its fLinctioii,T = ■ ■;■:■. ■.■inem in eell 
adhesion. Ep-CAlM does not share h..,n...U.i:v 
With any of the well-characterised fur.-, i'.s af Mvlhe.^ion 
molecules such as CA.Ms of the in;iv. ..n eiolniiin super- 
tftoiily, cadherins, iniegrins, and sekc-.:.:.<," Mow ev er, liie 
.oreslsncc of two EGF-Hke domains \:c< i:-' '::':^ heiweeii ;i 
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cysteine-rich and cysteine-poor doo^alii in the extracellu- 
ff iar sequence of lip-CAM confers some structural homol- 
f- og>' with TTicmbers of the Drosophila Notch and che Cac- 

rtorhabdiiu dt^ana Lcn family of proteins. NotaWy, both 
^1 Jvotch and Lin gene products are involved in cell-ceil sig- 

naJing pathways controlling cell fate decisions during de- 

velopmcm (Ajtavanis-Tsakonas et al., 1995; Katz et al., 
>J J99£) With respiict to the common structural folding of 
r'i /iBGF-like domains shared by many proteins involved in 
,|- piCiotiopic and developinental efifecis, Ep-CAM, also 
•;;>, shares some homology ^^ith liiisuc plasminogen activator, 
I regulating proteolysis of exlracellutar matrix during cell 
|: growth and migr.^tion (Blasi et al,, 1987; Appella et al. 
|,. 15^87). Thus wc propose that Ep-CAM belongs to a novel 
gi. family of epiLhelial-specific cell surface receptors rnediat- 

ing adhesion and delivering growth/developmental signals. 

Our findings provide strong evidence for a morphoregula- 
p- ry role of Ep-CAM in pancreatic islet developmeni. 
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str.tc,ics for tumor .h.rap, KS^a To 000 T^"' ?f "V™' ^^'-<^'>-^c=d 

•lave compared it to ().,; N t^lv i sequence and 

prcpronrotoin ,lu, is then p/oc«5 J ,„ * 7^^^ " 3"-c.,idue-lon, 
«PPcers to have ,i„„l„ " 232-1 es.due-lo.lE antigen. KSa 

cysteine, and conti.ins three rZ„^al v ^ °' """"='•"<'* » rich in 
-.i.Ud ,„.„se. bo,..^~l„^1rii^^^^^ S-""'"- 

5' lcrmin„5 i, evlde„, No "ti.e™ T'™ l"" » GC-rfcl. 

»f KSA can be detected^ iSa ilfeTf 



MATERIAI^ AND iMETHODS 



INTRODUCnON 



iumor-associated gene products NirAS tV^r " ''^ 

r:oie diagnostic and therapeutic reaeenis I r\ t ! u*^ 
»ver 'P!^»i„.i„ r.n ■ - feagenls (1-8). To date, how- 

^S^ Mo tir^'^lt "^^^^^r. in some cases, stnic- 

-nd -^uy 1 t^h^ H., '•'"'^^""^Oi"^ Of tumor cell biology 

m nd tSr,H ^"""^ °r»ol>d lun.ors. With this 

ITeu tunl ' 'n^"' " ^^''^^ ^his antigen ha^ 

CO resent-"" ""^ ^"<1 v^ous 

.orrespondmg normal ep.thelial cells. In this study, we report 

-Pirhehal tissue glycoprotein from the human lung adenocar- 
%Ts.:f '""^ ^'^'^'-''^^ -^"^ '^^-^ .«itia; s^eroa !ts 

Rccrivru 8/25/B8;.-;vi!wd 10/i !/8S; «copr.d 10/17/88 

or J'Ax; .'^^f.ri;:n'u« s,tror"' r^r-^' 
-cordanc. ii,H t.l^cLz" ^3:t=e.;^ 7^7;^^""'"™''' 

^od==,i ,„f,.,; ic'taXd ;al"".S! ^'"""'"'"'^ '"''"-^ 5DS, .odiU 
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extracted with nuZi^lT 1 "^^^ RNA ^as 

■natography, Double IraJl'H nM ^o'"""" ^hro- 

aod,.^^.nedintriSrd1il 

cr Y ourg a«d Da'ra 9^ 60.000 pl.qa«/i 00-mm plate by th. method 
tabbir polyclonal Zbody Io I^^a " """""^y 

«co«dar>b.otinyla,ed hoU ,^.'^; '^'"''^"S. The 

clmcd froB,. Vtartor °'°^°"J"8'"''f peroxidase was p„r. 

through ro„/J„'^^Toft«„rnrp;, '"'.T-'r =^''«<1 
probes Bcncrntcd from rip6 lecto?"* ("P)RNA 
described by Mel.on « ^ (fo) "^""-"y «^ 

Jrlt^sK!^:^^^^^^^^^^^^ ITsirZ '►•--h a 1..^ 

-=ordi„g to ,brce^„ee„°"m'^°"','""r; ^""^^ Prehybridiaed 

co/1 DNA for 6 h at 4rc wi.l. ' • ' ' ^0 «g/mi £;c/„r/cA;« 

cDN. rra,.en, of 1, 33// V^^^Tm/m.^'^r ^^"'"^^"^ 

10^ cpm/iiK) wa^ „ ^ . cpm/ml; specific activity, 3,9 x 

times for 30 mi., e„ch in x , ; n <«^,Ac"""* '"="'P«"«We; 2 
ror 5 mi 0..^ SScTtTo^f t^Clte " ''''' ' 

i Xtprdtr."„?"''^'' Pe'- or.„, = 

for induced X^rvl,/" " »' 

lysozymel -I 'ubsequeMTTi^ed',?' " 
Cell debris wes removed b^IT . r'''"?'' '''r 
on.o nitrocellulose and ,he ^ ''""r:. 
-..bod, tailed Sn«''pi:fi'.j;csr ' 

RESULTS 

proximately 291 000 in,!!^/ „ ^ . ^ ^^tll library of ap- 

Plaque. wefc Ob alcd tl!^?,ibtr "''^'"^^ 

KSJ/4 MoAh h.,, screened with the 

Dositive nh^f amntty-punfied antisen (21) did yield a single 
a 240 '"^''^ and found to conS 

then laj ?aiU ,„d utdT 1'',!?" 

probe hybridized to a sinSrUCLA A n^R 750 base patr 

proximately 1700 bases but did noi hvh "^ '""'^f °^ "P" 
^ / u oases Out did not hybridize to aormal human 



•■"'-•"/e>»iTMBU/l 

l)vcr mRNA (data not sho'^n). It 'h.r.f 

il% A^ine represented a full i;n7h 1°^%?""''** ''"'''^'^'y 
snme prooc was then used to screen 7i i u 5«<l"cnce. This 
dcccccd . po..tlve pUque co^Sing 'j'^^^.^f and 
! A,i9jo) (dai ovcrjapped Agnag ^ ^-Ja^base pair insert 

«33. Together these clone s ^«'33S and Ag 

1516 base pa,.s. Ifone lsslc . • of 

luencc should closelv represent L n ' ' ^e- 
^•cquenca contains a 405 S' ^ ' T"^' 

.ol^adenylation .,g„aj (25) (U8;r^49 n T." ^^"^^ 
.tr«m rro.n the poiy.det,vIa,cd tract Th. ""^''^^''^^ up- 
uoi^ GC rich sur.ilar to the trln.J;; , ^ -untranslated rc- 
'( Tiany gent, (.g) -r^. ,„f '""*^"P"0" "'«tion regions 
.«ce that i5 78.9% GC a'd " ""'""Elated se- 

ance that is 714% CC Th. ,^ "8nal peptide sc 



mence that is 71.4% CC Thl P^P'"e sc- 

s 41.5% GC (Fig. 2) ^niiunder of the coding region 

PcJtittr ^TS;*"?"? code, ror a 

m..t.... codon is prescm ;t ^'^^"^'^^G translation 

methionine codoni/i„ SL '^^, ,L'"' "O"' ^f-- 
nd lies in a nucJcotid. s^auZ^t, "^'^^ P^P^, 

on.e„sus translation inSn" ,2 t/t "7**^^^ 

n^-no acid sequence suggest " LS T" 

---^e of the signal peptide (28) ,f °^ '''^ 

^s=due 23 (alanine). ' ^' "'^^ '"''^'y ^iw is after 

•g'o^ that separate, a hiRh-y "J. ' ? f transtnenibrane 
J-nain from a potential ^42 r-!". -6-r«iduc cytoplasmic 
P -ntjal .42-res,due extraceiiuiar domtiin (Fig. 

The (Jxfracellular domain confoin.- , 

coniaini a region moderately rich 



in cysteine residues (12 of I noi ru 

is not knowa although ..on e 1 i ' "^^''"""'de bonds 

-.-gen has a tno.ec.^^. ^^s of 36 ^dZ^^', "-^""^ 
seJ Electrophoresis, in contrast .0 ril^^n .?^*'°'y=''^'^"''<»« 
unreduced for™. This app" rcn iisj LlV'-''^" the 
t'on must also provide the eD?t„« conforma- 
^, ^.nce the redLed tij^ s ui;.''"^"'"' '^51/ 
The e.xtracelJu.ar domain au' ' unre.ctive with .his antibody 

-Pa-gine-linRed e°;^os^la;io„ """"^ ^'^^ ^-^'"'^ 
N-ter™iriT.i^;„7^^^^^^^^^^^ P«proa„ti«.n peptide. 

tumor or in starts wifh . '""""^ Xenograft 

t>'ecD^.^_,educedpep.iSs?;u:j '?,ir ^'^'""^^^ 

codes for KS.:ane'co«„iSdl;*;?,7Ks;y!f ^ '^^^A 
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IgG2a monoclonal antibodies inhibit human tumor growth through 
interaction with effector cells 

(macrophages/cytatoxicit>/nu<fc mice) 
DOROTHEE HERLYX AND HILARY KOPROWSKI 

The VVistar Institute of Anatomy and Biology, 3Gth and Spruce Streets, Philadelphia, PentisyUiinia 19104 
Contributed by Hilary Koprowski, May 14, 1QS2 



ABSTRACT Monoclonal antibodies of IgC2a isotype specifi- 
cally inhibited growth of human tumors in nude mice. Twenty- 
three monoclonal antibodies of other isotypes showed no tumori- 
cidal reactivity. Complement depletion oinude mice had no effect 
on tumor suppression by monoclonal antibody. The role of T and 
killer cells as mediators of the monoclonal antibody effect in nude 
mice was virtually excluded. On the other hand, macrophages 
were strongly incriminated as effector cells because silica treat- 
ment of nu^ mice abolished the tumoricidal effect of monoclonal 
antibody. lgC2a monoclonal antibody-dejaendent macrophage- 
mediated cytotoxicity assays with human tumor cells in culture 
resulted in specific lysis of tumor cells. 



We have previously reported that hybridoma-de rived mouse 
monoclonal antibodies (MAbs) efTectively inhibit growth of hu- 
man melanomas and colorectal carcinomas in nude mice (1,2). 
Growth of mouse leukemic cells was also inhibited by MAbs 
(S'-G). The effective MAbs were shown to be of IgG isotype, 
whereas IgM antibodies of the same binding specificity were 
less effective (5) or totally ineffective (4, 6, 7). In addition, it 
was shown (8) that IgG2a but not IgC2h mouse polyclonal an- 
tibodies suppressed the growth of murine tumors. 

In the present study we tested a large number of monoclonal 
antibodies produced against human tumors of various origins 
for their tumor growth -inhibiting properties in nude mice. 
Within the context of this study we have also investigated tumor 
growth suppression related to a specific isotype of MAb. In 
parallel studies, MAbs with tumoricidal effects in nude mice 
were tested for cytotoxic effects against tumor targets in tissue 
culture. 

MATERIALS AND METHODS 

Human Cell Lines. We included three colorectal carcinomas 
(CRC), one pancreas carcinoma (PC), two melanomas (MEL), 
two lung carcinomas (LC), one breast carcinoma (BC), and one 
epidermoid carcinoma (EC). Most of these cell lines have been 
described elsewhere (9, 10). The PC line Capan II was kindly 
provided by T. Fogh (Memorial Sloan-Kettering Cancer Cen- 
ter, New York), and the EC line Hep 2 was obtained from the 
American Type Culture Collection (Rockville, MD). 
' Mouse MAbs. The MAbs used in this study are described in 
Table 1. MAb H24B5 was kindly provided by W. Gerhard (The 
VVistar Institute). 

Effect of MAb Administration on Tumor Growth in nude 
Mice. Tliymus-deficient nude mice {nu/nu, BALB/c back- 
ground) 6-8 weeks old (unless otherwise stated) were implanted 
with tumor cells and injected with anti-ttimor MAb or control 
anti-influenza virus MAb, both in ascitic fluid, as described (2). 
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Table 1. MAbs used in the present study 

Mice Binding 
immunized specificity 



with 


. of MAb' 


MAb 


Ref. 


CRC 


GIC 


17-1 A 


11 






19-9 


9 






38a 


9 






C4I4-72 


12 






C42O-32 


t 


MEL 


MEL 


Nu4-B 


1 




MEL* 


37-7 


10. 13 


LC 


LC, CRC, BC 


16B-13 


14 


. Influenza 


Influenza 


H24B5 


15 



virus virus 



GIC, gastrointestinal carcinoma. 

* Determined in radioimmunossay (RIA). 
Unpublished results. 

* Also shows DR antigen specificity. 

In some experiments. F(ab')2 fragments of anti-CRC MAb 17- 
lA, prepared by pepsin digestion of the intact antibody mole- 
cule, were injected into tumor-bearing mice. Tumor volumes 
were monitored as described (2). 

Immunosuppressed Mice. C57BL mice were thymecto- 
mized, irradiated, and bone marrow-reconstituted as described 
(16). The effect of MAb treatment on tumor growth in these 
mice was investigated as described for nude mice (see above). 

Treatment of nude Mice with Anti-Interferon Serum. The 
anti-interferon serum was kindly provided by L Gresser (In- 
stitut de Recherches Scientifiques Sur le Cancer, Villejuif, 
France) and was injected 5 days and 1 hr before the injection 
of tumor cells and MAb as described (17). 

Treatment of nude Mice with Silica. To study the effect of 
silica treatment on suppression of tumor growth by MAb, nude 
mice were injected intravenously with 3 mg of silica particles 
(Whittaker, Clark and Daniels, South Plainfield, NJ; average 
particle size, 1.5 yim) in 0.3 ml of phosphate-buffered saline 
(Pi/NaCl) 6 hr before the injection of tumor cells and MAb. The 
silica preparation was exposed to ultrasonic vibration and sub- 
sequent Vortex mixing before injection (18). 

Peritoneal Exudate Cells. Ten- to 12-week-old CBA mice 
were inoculated intraperitoneally with 1 ml of thioglycollate 



Abbreviations: ADLC, antibody-dependent lymphocyte-mediated cy- 
totoxicity; ADMC, antibody-dependent macrophage-mediated cyto- 
toxicity; BC, breast carcinoma; CRC. colorectal carcinoma; EC, epi- 
dermoid carcinoma; GIC, gastrointestinal carcinoma; K cells, killer 
cells; LC, lung carcinoma; MAb, monoclonal antibody; MEL, mela- 
noma; Pj/NaCl, phosphate-buftered saline; PC, pancreas carcinoma; 
RIA, radioimmunoassay. 
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broth (Difco). Four days later, peritoneal exudate cells were 
collected ,n 10 n>l oflVNaCI containing 100 umts of heparin 
VIonoconal Antibody-Depenclcnl Macropl.age-Mediated 
CytoU>x.c,ty (ADMC) Assays. Colony fan,mion fnhihition at 
in' m' ""f pelleted and resuspe.ded to 
5 X 10 cells per ml in kagles minimal essential medium con- 
ammg 10% fetal cal serum. This medium was used throughout 
the assay^ One milliliter of the cell suspension was put in each 
we I of a 24-wdl tissue culture plate (Unbro FB-16-94-TC) The 

HrriT^^'M'* " 5% CO, humidified almo- 

sphere for 2 hr to allow them to attach to the plate. Cells were 
then washed three times with 1 ml of P,/NaCl. The adherent 
cell population consisted of 85.% phagocytic cells (average of 10 
expcnments) as determined by zymosan particle incorporation 
and nonspecific esterase staining (19, 20). These adherent cells 
'^''' °%''^!^'';^ ^ 'nacrophages. One milliliter of MAb in 
asc,t.c fluid diluted 1 ; 100 with medium was added to triplicate 
wells containing macrophages, followed by the addition of hu- 
m^ tumor target cells in 1 ml of medium (efTector-to-target cell 
raho, 5(J: J). Control wells received macrophages, target cells 
and medium or anti-innuenza virus MAb. After a 7-dav incu- 
bation, cells in each well were trypsinized. suspended in 1 ml 
o» a_ 0-3% agar (agarose, Marine Colloids Division of FMC 
Rockland. ME) .solution in medium and transferred to a 30-mm 
Petri dish containing a 0.5% agar bottom layer. The colonies per 
dish were counted under a light microscope after a 2-week in- 
cubation. The colonies growing on agar were solely derived 
trom human tumor cells because macrophages did not form col- 
onies. Colony formation inhibition by MAbs was calculated as 
percent of controls treated with medium alone 

[methyl- ^Thymidine release assay. This assay was per- 
lormed essentially as described by Maiitovani et al. (21) Briefly 
target cells labeled with [m^t/iy/.^Hjthymidine (5 uCi per 10^ 
ce Is; specific activity 82.6 Ci/mmol; 1 Ci = 3.7 x 10'° becque- 
rels) were added to wells of microtiter plates containing mac- 
rophages (efTector-to-target cell ratio. 50:1), followed bv the 
addition of MAbs or medium (controls). After a 3-day incubation 
of the plates at 3rc in a humidified CO, incubator, half of the 
supernatant was removed for determination of radioactivity 
Spontaneous and maximal release of radioactivity by the tareets 
werfrdetermined as described (21) and the percentage of spe- 
cific lysis was calculated (22). 

um'/-'?*^"'^'''^"''''"/ Lymphocyte-Mediated Cytotoxicity 
(\DLL). The activity of spleen lymphocytes derived from adult 
and neonatal nude mice and from immunosuppressed C57BL 

RESULTS 

Effect of MAb on Established Tumors in nude Mice The 
tumor^suppressive effect of MAb,17-lA administered simulta- 
neously with CRC cells has been described before (2). The effect 
of delayed adniinistratlon of MAb on CRC tumor growth was 
studied m nude mice implanted with CRC cells and injected 
' °uV TA^'*' '^"'^ '^■l'^- Tumor growth was effectively 
inhibited (P < 0.05, ( test, when compared to controls) and 
histological examination showed the absence of viable ti.mor 
cells within 2 days after MAh treatment. 

Isotypes of TumoK-lnhibifing MAbs. Thirty-three MAbs that 
bound m RIA to human ttimor cells of various origins were 
tested tnvtvo for tumor growth inhibition activitv,. Of these five 
inhibited growth of tumors in nude mice. All five antibodies are 
of lgC2a isotype, whereas the noninhibiting MAbs belonged to 
five other immunoglobulin classes (IgCl, IeG2b 1^03 IsM 
and IgA). ' '6"' 
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Specific destruction of tumor cells bv the five I(£G2a M 
IS represented in Table 2. The MAb 1 7 i a I t u- j • o, . 
only to tumorcells ofCIC (1 1) destroved CRC • 't" "^'1 

did not destroy MEL or Tw^o 1 anU GIC M^ 

ftcfRc'a'd^^^llf -'^^^'^^^ 
1 W ; t ^y'^l- ^"PP^"^'^'' tl'e growth of these tu- 
mors but not others. MAb 37-7, which binds to MEL and also 
shows DR antigen specificity (10, 13), suppressed the gro th 

e nr? ? '^'"T""' ^^'^^ "^"«P 2 cells, which also 

express this antigen. 

oftKr "Ti^f'^T'" '^'"^ '^'fhough none 

of he IgC2a MAbs shows complement-dependent cytotoxicity 
of umor cells m culture (results not shou^). they bind nude 
mouse complement. To investigate the possible role of com - 
f^T ^A ^"Tn^fP'^T" MAbs. adult nude mice were 
mp anted with CRC cells, injected with 17-lA MAb, and 

Mil, Vjt (Cordis Laboratories, 

Ma™. FL) to deplete the mice of complement as described b^ 
pldstone and D,xon(23). [These experiments were performed 

folia rA?''°;7'c'"r ^"V''^ '^^^-^^'^ Foundation La 
jolla, CA) and Z. Steplewski (The VVistar Institute).] Although 
complement component C3 was undetectable after administra- 
tion of cobra venom factor, tumor destruction by MAb was as 
effective as in untreated mice (results not shown). These results 
hv m'aK '"^"'^^^"'of'^ffector cells in the tumor destruction 
"^^U^V^""' effector cells must express Fc receptors, 
because F(ab')2 fragments of the antibody do not show tumor- 
suppressive activity. It is rather unlikely thatTcells would func- 
tion as effector cells in athymic nude mice, and therefore we 
have investigated the role of killer (K) cells as effector cells 
fheir role as^effector ceUs was also unlikely, for although K cell 
activity in adult nude mice is high, the MAb inhibited tumor 
growth m 10- to 12-day-old nude mice, spleens of which showed 
no K cell activity (Fig. 1). Furthermore, treatment of adult n.rfe 
tTvittn'S ^"PP^esses K cell ac- 

tn ty did not affect inhibition of tumor growth by MAb (results 
not shown). We were also able to grow CRC cells in immur«^ 

!f iSIS 



Binding 
Mice aptfcifi- ' 
immunized city of 
with MAb 



MAb 



CKC GIC 



LC 



LC, CRC, 
BC 



17-lA 



C4I4-72 
0420^32 

16B-13 



MEL MEL 



37-7 



Human tumors 

implanted Mice with 
into nude suppressed 
_ mice tumor growth 

CRC-1 
CRC-2 
MEL-1 
LC 

CRC-1 
CRC-1 

LC-1 
LC-2 
CRC 
BC 

MEI^l 

MEL-1 
MEL-2 
EC 
CRC 



54/54 
4/4 
0/5 
0/8 
12/12 
U/11 

5/5 
5/5 
4/4 
5/5 
0/5 

6/6 
4/4 
0/5 
0/5 



Immediately after subcutaneous implantation of 5 x lonumorcella 
MAhT.' ^.^^^^^■.I'J^T"^"^^^'^ ^'^'^ approximately 4^^ "g of 

n^ISf ^'^^ P^^^"^** ^« ^he ratio of mice with sup- 
preftsed tumor growth to total mice treated ^ 
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Fig. 1. Inhibition of CRC tumor growth in 10- to 12-day-oId nude 
mice by MAb 17-lA. Ten-.to 12-day-old nude mice were inoculated with 

CRC and treated with MAb 17-lA (• or control anti-influenza 

virus antibody H24B5 •) as described in the legend to Table 2. 
Six mice were included per treatment group. MAb 17-lA significantly 
(P < 0.05, t test) inhibited tumor growth. Spleen cells of neonatal nude 
mice showed no K cell activity. (percent specific lysis with MAb 17-lA 
= 0.3) in ^^Cr release assays (22), in contrast to the high activity in 
spleens of adult nude mice (percent specific lysis with MAb 17-lA = 
25). 

suppressed C57BL nfiice. Spleen ceJls of these mice .showed no 
K cell activity. The MAb effectively inhibited tumor growth in 
these mice. 

Effect of Silica on Inhibition of Tumor Growth in nude 
Mice. As shown in Fig. 2, treatment of nude mice with silica 
abolished the suppressive effect of MAb on the growth of CRC, 
because tumors in mice treated with silica and MAb 17-lA grew 
progressively at a rate comparable to that observed in mice 
treated with anti-influenza virus MAb. Because silica particles 
of 1.5 /tm size seem to primarily inactivate macrophages (18), 
we have investigated the role of those cells as effector cells in 
ADMC. 

Monoclonal Antibodies in ADMC. Peritoneal macrophages 
were obtained from CBA mice and mixed with CRC cells and 
with each of the seven MAhs listed in Table 3, and the mixtures 
were incubated for 7 days. Destruction of CRC cells was de- 
termined by colony inhibition assays and by lysis. Two of the 
antibodies, 17-lA and 16B-13, which bind in RIA to CRC cells 
(11, 14), destroyed CRC cells in ADMC. These two MAbs also 
suppressed the growth of the same CRC tumors in nude mice. 
The three other IgG2a MAbs, which bind either to MEL (37- 
7 and Nu4-B) or to influenza virus (H24B5), had no effect in 
ADMC. The IgGl MAb 19-9. which binds CRC cells and de- 
stroys them in ADMC, had no suppressive effect on the growth 
of these tumors in nude mice. Finally, the MAb 38a of IgM iso- 
type binds CRC cells, but did not show ADMC against those 
cells and did not suppress the growth of CRC in nude mice. 
' As shown in Table 4, MAb 17-lA. which binds in RIA to tu- 
mors of GIC only, mediated an ADMC effect against cells of 
GIG (three CRC and one PC). MEL or LC cells, which do not 
bind MAb 17-lA, were not lysed in ADMC. 

Similar results were obtained with macrophages obtained 
from BALB/c and nude mice (results not shown). 

Role of Granulocytes in AD.MC. We were able to demon- 
strate that granulocytes were not involved in the ADMC re- 
actions shown in Tables 3 and 4: removal of these cells from 
peritoneal exudate cells by FicolJ purification prior to the assay 
had no effect on ADMC. 



E 




200 



4 14 21 28 44 56 

Time after tumor inoculation, days 

Fro. 2. Effect of silica on MAb-mediated tumor growth inhibition 
in nude mice. Six nude mice were injected with CRC cells and MAb 17- 
lA •) or an ti- influenza' control antibody (six mice) H24B5 

{• as indicated in the legend to Table 2, Six mice that had been 

mjected with CRC cells and MAb 17-lA were treated with silica 6 hr 

later U a). . Silica treatment abolished tumor suppression by MAb 

17-lA; tumor volumes in these animals did not differ significantly {P 
> 0.1) from control tumors. 

Interaction of MAb with Target and Macrophages. CRC 

cells (1 X 10"*) were exposed to 4 mg of MAb 17-lA, incubated 
for 1 hr at room temperature, washed once, and then exposed 

Table 3. Effect of MAbs of various binding specificities on 
growth of CRC in culture and in nude mice 



Colony 





Binding 




formation 


Specific Tumor growth 


Isotype 




inhibition,^ 


lysis,^ 


inhibition 


specificity* 


MAb 


% 


% 


in nude mice 


IgG2a 


CRC 


17-lA 


63t 




■ + 




CRC« 


16B-13 


34t 


93$ 


-f 




MEL' 


37.7 


2 


-5 






MEL 


Nu4-B 


4 


4 






Influenza 


H24B5 


2 


8 






virus 










IgGl 


CRC 


19-9 


25* 


91t 




IgM 


CRC 


38a 


-2 


-7 





* Determined in RIA. 

t Mouse peritoneal macrophages were used as effector cells (eCfector- 
to-target cell ratio, 50:1). .Results are means of five experiments 
in Ime one; all other values in the columns are means of two ex- 
periments. 

*P < 0.05 (( teat) when compared to controls. 
5 Also binds to LC and BC. 
^ Also shows DR specificity. 
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Table 4. Target cell specificity of MAb 17- lA in ADMC 
Specific lysis,* 

Target cell % 

CRC-1 63 ± 4T 

CRC-2 22 ±V 

CRC-3 52 - 3T 

PC 62 i 2t 

MEL 7 ± 1 

LC 2 ± 1 



* Mean ± SD for triplicate eamplea. 

t P < 0.05 test) when compared to controls. 

to 5 X 10^ macrophages. In a parallel experiment, 5 x 10^ 
mouse macrophages were incubated with 2 mg of MAb 17-1 A 
for 1 hr at 3rC and washed once, and 1 X 10^ tumor cells were 
then added. In both experiments a large excess of MAb was 
used (approximately 1,000 times the saturation concentration). 
The results of the experiments (Table 5) indicate that the 
"armed" macrophages are effective in tumor destruction, 
whereas exposure of tumor cells to MAb before incubation with 
macrophages does not necessarily, under the conditions of the 
experiment, result in tumor cell destruction. These results par- 
allel somewhat those obtained in nude mice when 5 X 10^ cells 
of CRC were mixed with 15 mg of MAb 17-IA, incubated for 
1 hr at room temperature, washed once, and then implanted 
into mice. Tumor growth was not suppressed under these con- 
ditions (Fig. 3). 

Scanning Electron Microscopy. Scanning electron micro- 
graphs show macrophages in the presence of specific MAb ad- 
hering to tumor target cells that were being destroyed (G= M aul, 
personal communication); in the absence of MAb, macrophages 
are not adherent to the intact, turn or cells (not shown). 

DISCUSSION 

The results of the experiments presented in this paper and of 
those previously described (1, 2) clearly indicate that MAbs are 
specific and powerful inhibitors of growth of human tumors in 
nude mice. Experimental results also, show conclusively that 
only the MAbs of IgG2a isotype are effective in tumor destruc- 
tion, whereas M Abs of other isotypes are inactive, even though 
they show binding activity in RIA to the surface of tumor cells 
that is similar . to the. binding observed with IgG2a antibodies. 
Langlois et al (8) have observed that IgG2a antibodies destroy 
murine adenocarcinomas in mice, in contrast to lgG2b anti- 
bodies of the same specificity, which were inactive. 

We have virtually excluded the involvement of complement 
and of T and K cells as effector cells. The possibility that sec- 
ondary immune responses of the tumor-bearing mouse raised 
in the course of MAb treatment are involved in the destruction 
of the tumors seems unlikely because mice cured by MAb sup- 
Table 5. Effect of prior coating with MAb 17- lA of either CRC 
c ells or mouse macrophages on growth of tumor cells in culture 
Cells coated with Colony formation 

M Ab 17-lA . inhibition * % 

CRCt 0±2 
Macrophages^ 97 ± 3^ 

* Results are mean ± SD for triplicate samples. 

* CRC cells (1 X 10*) were exposed to 4 mg of MAb for 1 hr at room 
temperature before incubation with 5 x 10* macrophages. 

t Macrophages (5 x 10^) were exposed to 2 mg of MAb for 1 hr at 37°C 
before incubation with 1 x lO^CRC cells. 
S F < 0.01 (( test) when compared to controls. 
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Fig. 3. EfTect on tumor growth of coating CRC cells with MAb 17- 
LA prior to inoculation into nude mice. CRC cells (5 x 10 ) were m- 

cubated with 15 mg of MAb 17- lA (a a) or anti-influenza virus 

MAb H24B5 (• •), washed once, and iiyected subcutaneously into 

nude mice. Other animals were injected with 5 x 10^ CRC cells sub- 

cuUneously and MAb 17-lA intra peri ton eally (• •) as indicated 

in the legend to Table 2 (six mice were included in each treatment 
group). The latter treatment resulted in- significant iP < 0.05, t test) 
inhibition of tumor growth, whereas the growth of CRC cells precoated 
with MAb 17-lA did not differ significantly (P > 0.1) from the growth 
of control tumors. 

ported the growth of a second homologous tumor inaplant (re- 
sults not shown). 

Treatment of nude mice with silica of 1.5 ^m particle size 
primarily inactivates macrophages (18), and in such mice the 
MAbs did not suppress tumor growth. Although there is a slight 
possibility that other phagocytic cells are also inactivated by 
silica, macrophages have been singled out as playing a major 
role in anti-tumor activity in ADMC in the presence of MAb 
specific for a given tumor target cell Macrophages have been 
observed to adhere closely to target cells prior to destruction 
of these cells; it is impossible, however, to determine whether 
phagocyto.sis of tumor cells or their destruction by a cytolytic 
factor (24) secreted by the activated macrophages occurs. 

Destruction of tumor cells in ADMC does not always coincide 
with suppression of tumor growth in nude mice. The IgGl anti- 
CRC MAb 19-9 (Table 3), for example, is effective in ADMC 
but ineffective in vivo. Similarly, of six MAbs of IgG2a isotype 
that react in ADMC with melanoma cells, only one suppressed 
growth of tumors in nude mice. 

Apparently, attachment of MAb to Fc receptors of the niac- 
rophage is essential to effect tumor destruction; however, the 
precise requirements for this process are sUll little understood. 
From our previous studies it seems that many but not all tumor 
surface molecules may act as effective target structures. For 
instance, the four anti-CRC IgG2a MAbs described here are 
clearly of different fine specificities because three MAbs each 
precipitated a component of different molecular weight (M. 
Blaszczyk, personal communication) and one failed to immu- 
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noprecipitate a tumor cell surface component from CRC cell 
lysates labeled either with ^^1 by lactoperoxidase or with [^""Se]- 
methionine. On the other hand, of six anti-melanoma MAbs of 
lgG2a isotype, only the one reactive with DR antigen sup- 
pressed melanoma tumor growth in vivo (unpublished obser- 
vations). Also, correct targeting of a macrophage onto a tumor 
cell may not be the only requirement for subsequent tumor cell 
lysis. This is suggested by the observation that the lgG2a MAb 
with anti-DR specificity suppressed growth of melanomas but 
not growth of the DR-antigen-e.\pressing Hep 2 cells. 

Human buffy coat cells are capable of destroying human tu- 
mor cells coated with MAb in vitro and prior mixing of tumor 
cells with antibody-coated human peripheral blood lympho- 
cytes will prevent tumor growth in mide mice (25). The identity 
of the human effector cells is, however, a matter of conjecture. 
Human immunoglobulins of certain isotypes have been shown 
to bind to rat macrophages (26). It is possible that mouse im- 
munogiobuhns bind to Fc receptors on human macrophages and 
that monoclonal antibodies destroy tumor ceils with human 
macrophages as eflector cells. This possibility has far-reaching 
clinical applications. 
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ABSTRACT 



Disclosed is a method for treating a gastrointestinal tumor 
by administering a murine antibody which specifically binds 
an epitope of 17-1 A antigen. 

17 Claiins No Drawings 



us 6,444,207 Bl 

1 2 

IMMUNOTHERAPY OF TUMOR WITH toms. Allergic responses, however, do limit repeal therapy in 

MONOCLONALANTIBODY AGAINST THE patients. In addition, although a human anti-murinc 

17-lA ANTIGEN antibody response is generally evoked by the murine 

antibody, the response does not drastically effect the phar- 

RELATED APPLICATION s macokinetics of the administered murine antibody. This 

indicates that sequential, high doses of antibody can be 

ThisapphcationisaconlinuationofU.S.Scr. No. 07/726, given to achieve and maintain a continuous high plasma 

640, filed Jul. 2, 1991, now abandoned, which is a continu- level of antibody. Maintaining a high circulating level of 

ation of U.S. Scr. No. 07/384,073, filed Jul. 20, 1989, now antibody optimizes transit of tbe antibody from intravascular 

abandoned, which is a continuation of U.S. Scr. No. 06/883, space into the tumor, thereby enhancing access of the 

572, filed Jul. 9, 1986, now abandoned. antibody to the tumor for more effective anti-tumor action. 

Further, sustained, high blood levels lead to a prolonged, 

BACKGROUND higher concentration of antibody at the locus of action for 

•me tumoricid.1 activity of the murine monoclonal anti- J^^^^^f^iy '''^'^"^ "^'""^ °' 

body 17-1 A has been characterized in tbe nude mouse and 15 

in humans. See, e.g., Herlyn, D. and Koprowski, H. (1982) ^ Accordmg to the method of this invention, murmc anti- 

*UgG2a Monoclonal Antibodies Inhibit Human T^imor against the 17-lA antigen is adm mistered to patients 

Growth nirough Interaction with Effector Cells" Pwc. Natl affl'^tcd with gastomtestinal tumors m multiple doses of 

Acod. ScL USA 79, 4761-*765. Several cases have been 1?0 mg or more, preferably about 400 mg -1 ^am. for 

reported where the administration of Mab 17-lA resulted in 20 * total dose of about 0.1 to 5 grams, preferably 1 to 5 grams, 

a partial or complete regression of metastatic colorectal or antibody is admmistcred parcntcrally preferably by 

pancreatic carinomas. See Scars, H. F. el al. (1984) "Effects mtraveneous ii^sion. The antibody is generally adrninis- 

of monoclonal antibody immunotherapy on patients with ^ered suspendedm a physiologically acceptable vehicle e.g. 

gastrointestinal adenocarcinoma. - J. Biol. Resp. Mod, 3, norma saline The antibody doses can be given over inter- 

138-150; Seais, H. F., ct aL, "Phase U CUnical Trial of a 25 ^als of 1-3 days to intervals of about a week. The dose 

Murine Monoclonal Antibody Cylotixic for Gastrointestinal in individual patient wiU depend, mter alia, on 

Adenocarcinoma** (1985) Cancer Res. 45: 5910-5913. the patient s clinical status and on his abihty to tolerate the 

Generally, the antibody has been administered as single ^ *^thoul detnmenial aUergic or anaphylactic reaction, 

administration of 500/ig or less. ^« objccbve is to provide antibody at fractional doses 

3Q which yields a sustained, high plasma level of antibody over 

SUMMARY OF THE INVENTION the course of therapy to provide increased access of the 

antibody to the tumor site. 

This invention pertains to a method of immunotherapy of ^^-^^ antibodies against 17-IA can be administered 

gastrointestinal tuinors employing multiple, high doses of individually or in mixtures (cocktails) of two or more 

munnc monoclonal anUbody against the gastromtcsUnal murine anti- 17-1 A antibodies. Preferably, ant i- 17-1 A anti- 

tumor-associated antigen H-IA. The method comprises ^^^^^^ ^^-^^^^^ specificity for 17-lA is 

admmistcnng to a patient afflicted with gastrointestinal employed in the combination in order to increase an ti- tumor 

tumor, munne monoclonal antibody against the antigen ^^^^ ^ ^ ^^^^^ synergistic fashion. Murine anti- 

17-lA in muluple, sequential doses of about 100 mg or more bodies can be selected from the original 17-lA antibody or 

for a total overall dose of from about 0.1 to about 5 grams. other murine antibodies which recognize simUar or different 

Each dose of the munne anti-body can be administered at one 17.1^ antigen, such as the M72, M74, M77 

to three day intervals up to weekly intervals to achieve and ^-jg ^^^^its. described below, 

maintain a "oonUnuous" high level of circulating anU^y. ^^^^ ^^.^^ ^ 

Mixtures ( cocktails") of two or more munne anU.17.1A immunotherapy of tumors of Ihe gastrointestinal 

antibodies can be pven. TTie multiple, high dose therapy can j;^^^ ^^^^ ^^.^^ {^[^^ ^ associated. Examples 

t« performed as adjuvant therapy to chemotherapy, radio- g;^i,ointestinal adenocarcinoma, colorectal carcinoma 

crapy or surgery. pancreatic carcinoma. The murine antibody treatment 

The high dose murine antibody therapy is well tolerated ^an be adjuvant to other fc>nns of therapy, including 

in patients. Further, the anti-murine anUbody response chemotherapy, radiotherapy and/or surgery. In particular, 

which geaeraUy develops in treated humans, surprisingly ^^^^^ antibody therapy can be useful as adjuvant therapy 

does not alter significanUy tbe plasma half life of the murine directed against micro- or mini-metastases which arc not 

antibody on repeat administration. Thus, high blood leveU amenable to surgical removal. 

of antibody can be achieved with sequenUal injections of iny^n,ion is further Ulustrated by the following 

high doses to enhance transit of tbe anubody from mtravas- exemplification, 

cular space into the tumor bed and thus provide higher Exemplification 

concentrations of the therapeutic antibody to the locus of ^ trial was conducted in 20 patients to examine paUent 

tolerance to repeated high doses in 17-lA to examine its 

DETAILED DESCRIPnON OF TOE phannacokinctics on repeated administration and to charac 

INVENTION itn2£ the human immune response (antibody) to this mouse 
60 immunoglobulin. 

This invention pertains to therapy of gastrointestinal Patient Population 

tumors with repeated, high dose of murine antibody against Twenty patients with gastrointestinal malignancy (17 

the 17-lA antigen associated with most gastrointestinal colon; 2 gastric; and 1 pancreatic) were selected on the basis 

tumors. This therapeutic approach is based upon several that they had metastatic disease with small-moderate tumor 

findings. Murine anti- 17-1 A antibody administered in 65 burden; performance status greater than 70% (Kamofsky 

multiple, high dose is generally well-tolerated by patients. scale) and objectively measurable disease. Studies were not 

The most common side effect is mild gastrointestinal symp- done to document 17-lA reactivity with individual patient 
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tumor specimens. Seven out of 20 patients had received 
prior chemotherapy while 13/20 had no prior therapy for 
metastatic disease. 
Treatment Protocol 

The study was conducted the Clinical Research Unit, 
Comprehensive Cancer Center, University of Alabama at 
Burmingham. All antitx>d^ infusions utilized a total dose of 
400 mg of 17-1 A diluted tn 250 ml of normal saline infused 
over 30 minutes with careful monitoring of vital signs. All 
infusions were preceded by an intravenous lest dose of 0.7 
mg followed by 30 minutes of monitoring prior to admin- 
istration of the full dose infusion. The protocol involved the 
accrual of 4 groups of 5 patients each who would receive 
progressively increasing numbers of weekly infusions, i.e. 
Group 1 — 5 patients — single infusion; Group 2 — 5 patients 
with 2 infusions — Day 1 and 8; Group 3 — 5 patients with 3 
infusions — Day 1, 8 & 15; Group 4 — 5 patients with 4 
infusions — Day 1, 8, IS & 22. Because of toxicity noted in 
Group 3 patients, no patients received 4 infusions, but these 
5 patients were added to Group 2 and had 2 infusions of 
therapy (Day 1 & 8). All patients were followed for 6 weeks, 
following their last infusion with weekly monitoring of 
urinalysis, liver and renal function, blood counts and clinical 
evaluation. 
Pharmacokinetics 

Pharmacokinetic analysis was done on the first 5 patients 
at the lime of their single infusion (no prior exposure to 
17-1 A), the ten patients who had two infusions were studied 
at the time of their second infusion (one prior exposure to 
17-1 A) and the group 3 patients were studied at the time of 
their third infusion (two prior exposures to 17-1 A). For 
pharmacokinetics, blood samples were drawn prior to 
infusion, immediately at conclusion of infusion and at Vi, 1, 
2, 4, 12, 24, 48, 72 hours aiKl 86 hours. Spot samples were 
drawn at pre-tberapy, 1, 24 & 48 hours post-therapy on 
infusions not undergoing a full pharmacokinetic study to 
confirm the general pattern of mouse immunoglobulin dis- 
appearance. The plasma level of 17-1 A was quantitated 
using a solid phase radiometric sandwich assay utilizing 
latex beads coated with rabbit anti-mouse gammaglobulin 
and radiolabeled (^"I) affinity purified goat antimousc IgG, 
F(ab')j. The concentration of 17-1 A in plasma was quanti- 
tated by the amount of latex particle binding of radiolabeled 
anti-mouse IgG, F(ab')2 as compared to a standard curve of 
known concentrations of 17- lA diluted in normal plasma. 
The sensitivity of this assay was 1.0 ng/ml. 
Human Anti-mouse Antibody (HAMA) Response 

Serum samples were drawn on each patient prior to each 
infusion and then weelclyx6. The assay used to determine the 
presence of human anti-17-lA was a "double antigen" 
system (Addison, G. and Hale, C, Norm. Metab. Res. 3, 
59-60 (1971)) using the concurrent incubation of 17-1 A 
coated latex beads, 100 ul of test plasma of 1 ug of 
radiolabeled ('"I) 17.1A(spccific activity of 300-400 cpm/ 
Dg). The samples were incubated 90 minutes at room tem- 
perature and the radioactivity associated with the beads 
determined by ccntrifugation of the beads through PerooU as 
previously described (Lobuglio, A. el al.. New Engl J. Med, 
309, 459^63 (1983)). The cpm of '"I-17-1A bound to the 
beads by plasma was converted to ng of 17-1 A/ml of plasma 
by using the known specific activity of ^"I- 17-1 A. This 
assay obviously detects any molecule with more than one 
binding site for 17- lA (IgG and IgM). Assay results in 
normal individuals and cancer patients prior to 17- lA expo- 
sure were 5±4 ng/ml plasma (no54) with values ranging 
from 0 to 16 ng/ml. Values greater than 20 ng/ml were 
classified as an antibody response. 
17-1 A Monoclonal Antibody 

The monoclonal antibody was provided by Centocor, Inc. 
as a purified suspension of 10 mg/ml in normal saline. It was 
stored at 4* C. prior to use. The protocol was carried out 
under Centocor sponsored IND (#2168). 
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Toxicity 

The adverse effects of H-IA administration are summa- 
rized in Table 1. 

TABLE I 



TOXICrrV ASSOQATED WITH 17-1 A INFUSION 



10 



I. 


Single dote (400 mg) • 5 pationU 




3/5 - acme 




2/5 • G.I. lympUxnt 


II. 


TWo weeUy dows (400 mg) - 10 palieaU 




4/10 - none 




5A0 • G.t. symptomi 




1/10 - nushing/tAchycafdta 


UI. 


Thrw weekly do«ca (400 mg) • 5 palienti 




3/5 - none 




2/5 - G.I. lymploini ud anaphyUxis 




(third do»e) 



Ten of 20 patients had no adverse effects bcluding 4 patients 
who received two infusions and 3 patients who received 

^ three infusions. The most frequently observed side effect 
was gastrointestinal (9/20 patients) with nausea and vomit- 
ing (4 patients) or diarrhea with or without cramps (7 
patients). The symptoms usually began within an hour of 
infusion and lasted less than 24 hours. They were of modest - 

25 moderate severity and readily controlled with anti-emetics 
of anti-diarrhea medications. The frequency of gaslrointcs* 
tinal symptoms was not related to the number of 17-1 A 
infusions. One patient bad an episode of fiushing and 
tachycardia in the midst of her second infusion which 

30 disappeared by simply slowing the infusion rate. This patient 
bad DO other adverse effects with the infusion nor with her 
prior iofusion. 

IVo patients had serious adverse effects. Both patients 
bad nausea and vomiting associated with their first and 
second infusions (Day 1 & 8). They tolerated their test dose 
of 17-lAon Day 15 without adverse effects over 30 minutes 
of observation. The treatment infusions were then begun and 
both developed dyspnea, tachycardia and hypotension 
judged to be an anaphylactic reaction. Both infusions were 
immediately stopped (less than 10% of dose given) and 

*° patients responded well to therapy with corti-costeroids, 
epinephrine and antihistAmines. No patient in the study 
developed abnormalities of urinalysis, complete blood 
count, renal or hepatic function. 
Pharmacokinetics 

45 The serial plasma 17-lA levels on each patient were 
analyzed and found to fit will with a 1 compartment model 
of plasma disappearance. The results for peak plasma 
concentration, plasma half-life and area under the curve are 
summarized in Table 2. 



50 

TABLE 2 



PHARMACOKINCTICS 17-lA f400 Oift) tN MAN 




Peak CoQC. 


HalMitc 


AUC 


Prior Antibody 


(ug/tnl) 


(houn) 


(hn-ug/ml) 


None (n - 5) 


139 * 8 


15 ±2 


3013 ± 175 


One (n - 10) 


141 t 5 


14 * 1 


2823 k93 


TVto (n - 3) 


108 ±2 


24*2 


3771 1 81 



Values Bit expressed as mean z standard error of the mesa. 
AUC - area under ttie curve. 



The two patients who had anaphylactic reactions did not 
receive their full third dose of 17-lA and therefore had no 
pharmacokinetic study. Thus, only 3 patients made up the 
65 group with two prior exposures to 17-lA. The results arc 
similar for all 3 groups of patieois. Tbe three patients studied 
on their third infii&ion had a somewhat lower scrum peak 
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coDccntratioD of 17-1 A aad a somewhat longer mean plasma 
half-life than the groups of patients with a siDgle or second 
infusion. Interpretation is limited since the differences were 
modest and the group was made up of a small number of 
patients. 

Human Anti -mouse Antibody (HAMA) Response 

The patients' scrum prior to therapy had little or no 
detectable ability to bind * "1-17- LA coated beads. As sum- 
marized in Table 3, almost all patients developed HAMA 
within 29 days of their first 17-1 A exposure (17/20). The 
majority (U/20) had HAMA by Day 8 with 8/U having 
values of greater than 100 ng/ml and 2/11 having values of 
greater than 1000 ng/ml. Peak values were generally noted 
on Day 15 or 22 with values falling by day 29 and beyond. 



third infusion. They may be related to the ability of this 
antibody to bind to normal gastrointestinal mucosa (Sears, 
H„ el al., Sur^. Res. 31. 145-150 (1981)). T^vo of five 
patients receiving three weekly inhisions of 17-1 A had 
5 anaphylactic reactions. This frequency of a potentially 
life threatening allergic reaction precluded our testing a 
four-dose schedule (weekly) and would deter treatment 
schedules requiring antibody administration on Day 15. 
The pbarmacokiDctic studies indicate that this dose of 
10 antibody can achieve plasma concentrations of 10O-200 
ug/ml with a plasma disappearance curve approximating 
observations with other mouse monoclonal antibodies 
(radiolabeled) administered at much lower doses (Pimm, M., 
et al.,y. Nuci Med. 26, 1011-1023 (1985) and Rosenblum, 



TABLE 3 

HUMAN ANTt-MOUSE ANTIBODY (HAMA) RESPONSE* 



Pre-tbenpy 


0/20 had iDU'body (nnge 


0-15 ng/oJ) 


Days 


11/20 bad sou'body (range 


36-106 Qg/ml) 


D.y 15 


15/20 had antibody (range 


37-5598 ngrtnl) 


I>ay 22 


1V20 h&d antibody (range 


60-5046 Dg^I) 


[toy 29 


15/20 had antibody (range 


23-4900 ng/ml) 


No antibody 


a/20 





•Aoiibody activity eiprcawd at ng of '"i- 17-1 A bound/ml PlMtna. 



Patients who received one. two or three exposures to 17-1 A ^. , ^ „ o,o^ ^-.o^ -r^- t 
h«] simfl« degre« by HAMA r«^n« ^ summarized in " • C<">cerRe^ 45, 2382-2386 (1985)). This pUsm. 

Tilble 4 =^ ' ^ half-life results in plasma concentrations of less than 1 ug/ml 

by day 8. Thus, maintenance of a substantial plasma con- 
centration of 17-1 A would require adminisiration more 
fircquently than weekly. Prior studies (Pinun, M., ct al.,7. 
20 Nucl. Med. 26, 1011-1023 (1985) and Larson, S., ct al.,7. 
Nuci Med. 24:123-129 (1983)) have suggested that the 
appearance of HAMA response is associated with a dramatic 
alteration in circulating levels of mouse Ig. Our failure to 
observe this phenomenon is somewhat surprising. However, 
25 it should be noted that our antibody measurements are 
expressed in terms of og 17-1 A bound/ml plasma with an 
infusion of 17- lA which readily achieves concentrations of 
100-200 ug/ml in the circulation. We are currently modify- 
ing our HAMA assay to allow quantitation of total circu- 
30 lating HAMA. This may clarify whether the patient's total 
circulating HAMA is able to bind only a small fraction of 
this large circulating dose of 17-1 A. 

We did not find evidence of pre-existing human anti- 
mouse antibody (17-1 A) prior to antibody infusion as 
35 reported by others (Schrofif, R., et al.. Cancer Res. 45, 
879-885 (1985)). We initially attempted to assay for human 
anti-mouse antibody using an assay which detected human 
immunoglobulin binding to 17-1 A coated beads using radio- 
labeled monoclonal mouse anti-human Fc antibody. We 
40 found that normal individuals and cancer patients prior to 
monoclonal antibody infusion had varying quantities of 
human immunoglobulin which bound non-spedfically to 
17-lA coated beads. This binding did Dot have classic 
competitive inhibition by soluble antigen (17-lA) and was 



TABLE 4 



DEGREE OF HUMAN ANTt-MOUSE 



Eipoaufea 



VcTf 

High 



(>1000) Moderate (40-999) Pooi/ooo* (<40) 



Single 
Double 
Triple 



(60%) 
(40%) 
(40%) 



1 



(20%) 
(40%) 
(40%) 



(20%) 
(20%) 
(20%) 



'Expieued ae og of 17-lA bouiul/ml plasma 



The two patients with anaphylactic reactions were inter- 
esting. They has HAMA levels of 1055 and 264 ng/ml on 
Day 8 and 1716 and 3745 ng/ml on Day 15, respectively. 
They tolerated their infusions of antibody on Day 8 without 

adverse effect except for nausea and vomiting (similar to 45 judged to be a non-specific phenomenon and not antibody, 

what they had on Day 1 infusion) but had anaphylactic In contrast, post-immunization plasma immunoglobulin 

reactions on Day 15 at the time of their third infusion. A total binding to 17-lA coated beads was readily inhibited by 

of 11 infusions were administered to patients when their soluble antigen (17-lA). Tlius. we believe that the double 

HAMA levels were greater than 20 ng/ml (elevated) with antigen assay system used in this study more clearly reflects 

five having no side effects, three gastrointestinal symptoms, 50 immune response to 17-lA Despite the administration of 

one flusbiog/tacbycaidia and two anaphylactic reactions. No one or more large doses of 17-lA, human antibody response 

patients developed fever, proteinuria or renal impairment. to this protein was pr6mpt with antibody frequently detect* 

It was also interesting that in nine of these U infusions, able by Day 8 and appreciable levels of antibody achieved 

adequate plasma samples were available to determioc peak by Day 15 & 22. Further studies are underway to charac- 

plasma concentration and plasma half-life of 17-lA anti- 55 tcrizc this antibody response in regards to immunoglobulin 



subclass and anti'idiotype. 

Biochemical and Epitope Analysis of 17-lA Antigen/ 
Production of Monoclonal Antibodies Against 17'1 A. 
Materials and Methods 
60 Cells and Tissues 

The human colon carcinoma cell lines DLD-1 and WiDr 
were obrtained form the American Type Culhirc Collection, 
Rockville, Md. The colon carcinoma line HT-29 was kindly 
provided by Dr. J. Fogh, Sloan Kettering Institute for Cancer 
pathogenesis of these symptoms is not known but does not 65 Research, NY Human tissues were snap- frozen in liquid 
seem related to an allergic reaction since they occurred just nitrogen-cooled isopentane immediately after surgical 
as frequently during a patient's first infusion as compared to removal. 



body. These values were not substantially different than 
infusions in the absence of detectable HAMA. 
Discussion 

This phase I/II study of repeated administration of 400 mg 
17-lA monoclonal antibody provides several observations. 
In general, the administration of antibody was well tolerated 
in patients receiving one or two infusions. The mild gas* 
trointestinal symptoms were clearly related to antibody 
infusion and were not a serious clinical problem. The 
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Radiolabelling and ImmuDOprecipiUtioQ 

Cells (5x10^ were surface-labcUcd by lactopcroxidase- 
mediated iodinalioo usiog '"I as described. Pink, J. R. L. 
and Zieglcf, A, (1979) in: Research Methods in Immunology 
Academic Press, N.Y pp. 169-180. Immunosorbents pre- 
pared by binding MAbs to protein A-Sepbarose (Sigma, St. 
Louis, Mo.) were added to labeDed cell lysates at 4* C. for 
2 hr. Bound material was eluled by boiling in sample buffer 
and analyzed by SDS -poly aery 1 amide gel electropboresis 
(SDS-PAGE) according to Lacmmli. Laemmli, U.K. (1970) 
Natun, 221: 680-685. 
Selection of MAbs 

Colon carcinoma tissue was obtained from a 51 year old 
female pattern undergoing lobectomy of the liver because of 
a solitary metastasis. The 17-1 A positive tumor tissue was 
carefully isolated, minced, homogenized and plasma mem- 
branes were purified as described by Touster ct al (1970) y. 
Cell Biol 47 604-618. Fusion of the myeloma 
P3x63Ag8.653 and spleen cells from (C57BU6 x Balb/c)Fl 
female mice was carried out using standard procedures 
(Galfix et al.. (1977) Nature 266: 550-552) 3 days after a 
single i.p. injection of cobn carcinoma plasma membrane 
preparations corresponding to 3 mg of protein together with 
BoixlelcUa pertussis adjuvant. After fusion the cells were 
plated in HAT selective medium (hypoxanthinc, 
aminoptcrtn, thymidine) in 96-weU microtilcr plates con- 
taining mouse peritoneal macrophages. Supematants of 
hybrids were screened by immunoperoxidase staining of 
frozen tissue sections derived from the liver metastasis taken 
for immunisation. Antibodies reacting with the colon carci- 
noma cells of the metastasis and the bile ducts in the 
adjacent liver, but not with bepatocytes, were further tested 
on a panel of non -malignant epithelial tissues listed in Table 
5. Antibodies showing a 17-lA-like staining pattern in this 
context were cloned at least two times by limiting dilution. 

TABLE 5 



DISTRIBUTION OF IT-lAAffnOEN IN NORMAL 
EPrTHEUALTTSStms' 

Number Letted/ 



Ttuuc 


NuDtt>ei positive 


Rem&rka 


Colon 


14/14 


lUong ttBiniiig of mucoM 


Small iDlesUK 


5/5 


itrong itaining of mucosa 


Stomscb 


6/9 


occauoaal weak itaining of 






rcititctcd Bicaa 


Oall bladder 


1/1 


ftrong ttaining of mucoM 




1/1 


Itrong tUitting of acini, ducU 






and ifleti of Langerhaiu 


Mver 


6/6 


uiong Itaining of bile dxicts; 






hepatocytei negative 


KidDcy 


2/2 


Loop* of Henlc moderately, 






dif tal tubules strongly stained; 






pnmmal tubules, glomenilL 






negative 


Lung 


2/2 


strong staining of broocbi; 






alveoli moderately stained 


Thyroid gland 


3/3 


strong suinbg of follicular 






eptthtium 


Mammary gland 


3/3 


strong sCainisg of lobules and 






ducts 


Thymui 


0/1 




Skin 


2/2 


strong staining or sweat glands; 






epideTmis negative 



^as veriAed by immunohistocheaitcal staining with MAbs 17-lA, M72, 
M74, M77 aod M79, which showed s ooogruent staining pattern in al) of 
the ttomial tissues exaoiined. 

Immunoblotting 

Inmunoprecipiuies were separated by SDS-PAGE, elec- 
trophorelically transferred to nitrocellulose membraoes 
(Schleicher & Schull, Dassel, FRG) according to Towbin et 
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al. (1979) Proc. Natl. Acad. ScL USA 76: 435CM354, and 
transferred antigen was visualized by an indirect immunop- 
eroxidase technique, Holzmann, B. cl al. (1985)/, Exp. Med. 
161: 366-377. 

5 Flow Cytometric /\nalysis 

HT-29 cells were preincubated on ice with MAbs M72, 
M74, M77 or M79 as unconcentraied, lOx. or 50x concen- 
trated supernatant, followed by incubation with biotinylated 
17-1 A antibody (10 ug/ml) and avidin-phycocrythrin 

10 (Becton-Dickinsoa, Mountain View, Calif.). The fluores- 
cence profile was analyzed with an EPICS- V (Coulter 
Electronics, Hialeah, Fla.). 
Immunohistochemistry 
Frozen tissue sections were prepared and stained by an 

15 indirect immunoperoxidase technique essentially as 
described elsewhere. Gottlinger el al., (1985) Int. J. Cancer 
35: 199-205. Briefly, air-dried sections (7 um) were fixed in 
acetone for 10 min., incubated with MAb (10 ug/ml or 
undiluted supernatant) for 30 min., washing in PBS and 

20 exposed for 30 min. to peroxidase-conjugated rabbit anti- 
mouse Ig aotiserum (Dianova, Hamburg. FRG) diluted 
1/200 in PBS contatniug 20% human serum. After washing 
in PBS the sections were incubated for 20 min. in 0.004% 
3-amino-9-ethylcarbazole in 0.02 M barbital buffer, pH 7.4, 

25 containing 0.001% HjOj and subsequently counterslaincd 
with Mayer^s hemalum. 
Results 

Biochemical Analysis of the 17-lA Ag 
Since the original biochemical analysis of the 17- lA Ag 

30 was only made for one human tumor cell line (HT-29), we 
investigated the nature of the 17-lA Ag expressed on two 
additional human colon carcinoma lines by surface iodina- 
tion. Precipitation with MAb 17-lA revealed an identical 
single protein band in the three cell lines, DLO-U WiDr and 

35 HT-29, which migrated with an apparent molecular weight 
of 37 kD in an SDS-PAGE system. As judged from fluoro- 
graphic intensity, the amounts of antigen precipitable from 
the three cell lines were quite variable, with the colon 
carcinoma line DLD-1 providing the highest amount of 

40 radiolabelled antigen. Under reducing conditions, in which 
2-mercaptoethaool was added to the precipitates prior to 
electrophoresis, a distinct band of 33 kD was obtained from 
all three cell lines. In addition, a major component of about 
40 kD component was also found occasionally in HT-29 

45 lysates. This band was apparently absent or could not be 
precipiuted from WiDr cells. 

Incubation of HT-29 cells with tunicamycin (2 ug/ml) for 
24 hr resulted in the appearance of a new band of 30 kD 
under non-reducing and of 26 kD uinder reducing conditions, 

50 indicating that the 17-lA Ag contains 2 K-linked glycosy- 
lation sites. The glycoprotein nature of the 17-lA Ag was 
further substantiated by treatment of 17-lA precipitates with 
neuraminidase, which resulted in a slight but distinct reduc- 
tion of the apparent molecular weight. 

55 Epitope Analysis of the 17-lA Ag by new MAbs 

Four new MAbs directed against the 17-lA Ag (M72, 
M74, M77, M79) were obtained by screening supematants 
of faybridomas generated from mice immunized with mem- 
brane preparations from colon carcinoma metastases for a 

60 17-lA-Uke reactivity on frozen tissue sections. All four 
antibodies precipitate proteins of identical molecular weight 
as seen with the original 17-lA antibody. In order to verify 
the identity of the antigens recognized by the new MAbs an 
extensive immunoblotting analysis was performed, whereby 

65 17-lAimmunoprccipitatcs were transferred to nitrocellulose 
paper after separation by SDS-PAGE and tested with the 
Cour new reagents. As shown previously, the four new 
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antibodies bound lo a 37 kD prolein was not obtained with 
iso type-matched control MABs. To analyze the epitope 
specificity of the four new MAbs cross-blocking experi- 
meots were carried out. In a flow cytometry analysis the 
binding of a biolinylatcd 17-1 A antibody to HT-29 cells was 
completely blocked by preiocubation of the tumor cells with 
MAbs M72 and M74 (Table 6). In contrast, MAbs M77 and 
M79 showed no significant blocking activity for the btoti* 
nylated 17-1 A antibody at all concentrations tested We 
further analyzed whether the epitope specificity could be 
related to the idiotypcs of the antibodies. All MAbs were 
analyzed for reactivity with an anti-idiotypic antiserum 
generated against the 17-1 A antibody in goats (kindly pro- 
vided by Dr. Dorothy Hcrlyn, The Wistar Institute, 
Philadelphia), The anti-idotypic antiserum strongly reacted 
with the two cross-blocking MAbs (M72 and M74), but was 
completely unreactive with the MAbs M77 and M79 (Table 
6). These data suggest that mAbs 17-lA, M72 and M74 
recognize the same or closely related epitopes on the 37 kD 
glycoprotein, while MAbs M77 and M79 define additional 
epitopes on this antigen. 

TABLE 6 



IDIOTYPE EXPRESSION Am CROSS-BLOCKING 

Acnvrrv of different mabs directed 

AGAINST THE 17-lA ANTIGEN 

17-1 A M72 M74 M77 M79 

Reactivijy with + 

goat «ati-Id 

17-lA 

Cfou-blocking +*" ++ ++ _ 

activity 



*ia ha EliSA, where the MAbt were cottted to nicrotiteT plates and tub- 
Bcqueot binding of tbe goat anil-idiotypte antitenim to the MAba wa« 
revealed by an indirect iminunoperoxidAie technique, 
•^optical deniity (CD) > 0.8; 
-hOD > 1.6; 
-CD < 0.05 

^hibitton of binding or biotinylated 17-lA antibody tested in a flow 

cyiometitc analysis (see Materials and Melhoda); 

+>25%, 

++80%, 

-<1Q% 

Tissue Distribution of the 17-1 A Ag 

Using an indirect immunoperoxidase technique the 17' 1 A 
Ag was identified in various normal human organs and in a 
variety of human carcinomas. Concomitantly the four new 
MAbs were analyzed on parallel tissue sections. With 
respect to expression of tbe 17-1 A Ag on colon tissue, it was 
found that normal mucosa was stained to a similar degree as 
colon carcinoma tissue in the fourteen patients examined, 
The 17-1 A Ag was clearly detectable on the epithelial lining 
of the small intestine, the gall bladder, the bronchi and a 
variety of glandular structures, including the tyroid, tbe 
mammary gland, sweat glands and tbe exocrine as well as 
endocraine pancreas. Furthermore, thcl7-lA Ag was found 
to be expressed in tbe kidney on distal tubules and tbe loops 
of Henle and in the liver by bile ducts, but not by bepato- 
cyles. 

In the stomach, normal mucosa usually showed a faint 
staining restricted to defined areas. However, in five patients 
with various degrees of intestinal metaplasia, present in an 
islet-like fashion in the gastric mucosa, those lesions were 
strongly stained by MAb 17-lA and the four new MAbs. The 
17-lA Ag was also distinctly expressed in 9 of 9 gastric 
carcinomas tested. 
Discussion 

We have demonstrated that the 17-1 A Ag is a glycoprotein 
migrating in SDS-PAGH with an apparent molecular weight 
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of 37 kD under non-reducing conditions. Comparative 
analysis of three different colon carcinoma lines did not 
indicale a hctereogencity of the 17-1 A Ag wben non- 
reducing conditions were applied. After reduction of the 

5 17*1 A precipitates with 2*mercaptoelhanol and separation 
by SDS-PAGE a 33 kD band appeared which could be found 
with all tbe cell lines tested. In addition, a 40 kD band could 
be seen as a major component in tbe DLX)-1 cell lysatc and 
to a lesser degree in the lysate of HT29 cells. This 40 kD 

JO band was virtually absent in lysates from WiDr cells. When 
precipitates from DLD-1 or HT-29 cells were processed in 
single experiments and analyzed in a parallel fashion under 
reducing and non-reducing conditions, again two bands of 
33 and 40 kD appeared in the presence, but only a single 

15 band of 37 kD in the absence of 2-mercaptoethanol. Thus, 
reduction of the 17-1 A Ag may result in tbe formation of two 
new forms of the molecule with different electrophoretic 
mobilities. Most probably the presence of intrachain disul- 
fide bonds may account for this peculiar migration behavior. 

20 Alternatively, the 17-lA Ag may actually exist as a diraer of 
proteins exhibiting the same migration behavior under non- 
reducing conditions. The absence of the 40 kD molecule in 
WiDr lysates may then be explained by a differential access- 
ability of this protein for lactoperoxidase-mediated iodina- 

25 tioa in different cell lines. Further analysis using metabolic 
labelling and cross-linking chemicals may be required to 
solve this question. Ross et al. have recently described a 
carcinoma -associated surface glycoprotein defined by their 
MAb GA733, that consists of 30 kD and 40 kD subunits. 

30 They suggest that the 17-lA antibody recognizes the same 
antigen, but binds to a different epitope than MAb GA733. 
Direct comparisons with tbe antibodies described here 
should reveal the relationship of these antigens. 
The four new anti- 17-lA Ag MAbs which we obuined 

35 displayed a tissue reactivity comparable to the original 
17-lA antibody in normal organs and in tumors. So far no 
differential epitope expression was found in a variety of 
tissues examined. TWo of these MAbs (M72 and M74) 
recognize a determinant closely related to that detected by 

40 MAb 17-lA as judged by cross-blocking experiments, 
whereas tbe MAbs M77 and M79 apparently define at least 
one additional epitope since they did not inhttsit binding of 
the biotinyUted 17-lA antibody. Interestingly, the epitope 
specificity of these MAbs was correlated with their reactiv- 

45 ity with a goat anti-idiotypic antiserum. These MAbs will be 
of interest for analyzing their biological activities in con- 
junction with the original 17-lA antibody. 

The 17-lA Ag is broadly expressed in non -malignant 
epithelial organs and is also present in most carcinomas 

50 originating from 17-lA-positivc tissues. Quantitative differ- 
ences in expression between normal and malignant tissue 
were not evident in a comparative immunohistocbemical 
analysis of colorectal carcinomas and normal mucosa 
obtained from tbe same patients. However, a possible struc- 

55 tural heterogeneity of this epithelial antigen on normal and 
malignant cells is not ruled out by tbe present analysis. 
Equivalents 

Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many 
60 equivalents to the specific embodiments of tbe invention 
described herein. Such equivalents are intended to be 
encompassed by the following claims. 

What is claimed is; 

1. A method for treating a gastrointestinal tumor com- 
65 prising administering to a patient afflicted with a gastrointes- 
tinal tumor, a murine monoclonal antibody which specifi- 
cally binds to an epitope of 17-lA antigen, said antibody 
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being administered in muttjple doses of about 400 milli- 
grams or more per dose. 

2. The method of claim 1 wherein the antibody is admin- 
istered in multiple doses of about 400 to 1,000 milligrams 
for a total of at>out 1 to 5 grams of antibody. 

3. The method of claim 1 wherein the gastrointestinal 
tumor is gastrointestinal adenocarcinoma, colorectal or pan- 
creatic carcinoma. 

4. The Dseihod of claim 3 wherein the multiple high dose 
therapy is administered as adjuvant therapy, 

5. A method for treating a gastrointestinal tumor com- 
prising administering to a patient afflicted with a gastrointes- 
tinal tumor, a murine monoclonal antibody which specifi- 
cally binds to an epitope of 17-1 A antigen, said antibody 
being administered in multiple doses of about 100 milli- 
grams or more per dose for a total of about 0.1 to S grams 
of antibody, wherein the multiple doses are administered 
such that the patient sustains a high plasma level of antibody 
during the therapy. 

6. The method of claim 3 wherein the multiple doses are 
administered at an interval between about one day to about 
one week. 

7. The method of claim 6 wherein the gaslroinlestinal 
tumor is gastrointestinal adenocarcinoma, colorectal or pan- 
creatic carcinoma. 

8. A method for treating a gastrointestinal tumor com- 
prising administering to a patient afflicted with a gastrointes- 
tinal tumor, a murine monoclonal antibody which specifi- 
cally binds to an epitope of 17-1 A antigen, said anU'body 
being administered as adjuvant therapy in multiple doses of 
100 milligrams or more per dose for a total of about 0.1 to 
5 grams of antibody. 

9. The method of claim 8 wherein Ih gastrointestinal 
tumor is gastrointestinal adenocarcinoma, colorectal or pan- 
creatic carcinoma. 

10. A method of claim 8 wherein the first dose of said 
antibody is of about 400 milligrams or more per dose. 

11. A method of claim B wherein said antibody is admin- 
istered as adjuvant therapy to surgery. 

12. A method for treating a gastrointestinal tumor com- 
prising administering to a patient afflicted with a gastrointes- 
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tinal tumor, a murine monoclonal antibody which specifi- 
cally binds to an epitope of 17-lA antigen, said antibody 
being administered in multiple doses, wherein the first dose 
is of about 400 milligrams or more per dose and the second 
5 or subsequent dose is of about 100 milligrams or more per 
dose, for a total of about 0.1 to 5 grams of antibody. 

13. A method for treating a carcinoma originating from a 
17-lA-positive tissue comprising administering to a patient 
afflicted with a carcinoma originating from a 17-lA-positive 

10 tissue, a monoclonal antibody which specifically binds to an 
epitope of 17-1 A antigen, said antibody being administered 
in multiple doses of about 100 milligrams or more per dose, 
wherein the multiple doses are administered such that the 
patient sustains a high plasma level of antibody during 

15 therapy. 

14. A method for treating a carcinoma originating from a 
17-lA-positive tissue comprising administering to a patient 
afflicted with a carcinoma originating from a 17-lA-positive 
tissue, a monoclonal antibody which specifically binds to an 

20 epitope of 17-1 A antigen, said antibody being administered 
in multiple doses, wherein the first dose is of about 400 
milligrams or more per dose and the second or subsequent 
dose is of about 100 milligrams or more per dose. 

15. A method for treating a carcinoma originating from a 
25 17-lA-positive tissue comprising administering to a patient 

afflicted with a carcinoma originating from a 17-lA-p06itive 
tissue, a monoclonal antibody which specifically binds to an 
epitope of 17-1 A antigen, said antibody being administered 
as adjuvant therapy in multiple doses of about 100 milli- 
30 grams or more per dose. 

16. A method for treating a carcinoma originating from 
bronchial tissue or tissue of glandular structure comprising 
administering to a patient afflicted with a carcinoma origi- 
nating from bronchial tissue or tissue of glandular structure, 

35 a monoclonal antibody which specifically binds an epitope 
of 17-lA antigen, said antibody being administered in mul- 
tiple doses for a total dose of about 0.1 to 5 grams. 

17. A method of claim 16 wherein said antibody is 
administered as adjuvant therapy to surgery. 

40 

***** 



